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Editorial 

HOME IS A MAN'S CASTLE! 
Once upon a time, there was a sharp line between a mans 
work and his private life. When he left the office, shop, store, 
or factory, he stepped into his private life. The trip home may 
have been a sort of twilight zone where thoughts of work and 
home mingled, but once he stepped into his house, that was it 
as far as his working life went. 

The other day I was watching a softball game in a local 
playground when the guy I was chatting with went 
"Beep...Beep...Beep!" Not him, actually, but his pocket pager. 
He left quickly, looking for a nearby public telephone. 

These days, it's not unusual to see some chap on the highway 
chatting into his cellular telephone. Electronics communication 
now reaches into the car, and even the playground, to rob us 
of some of our very precious private lives. 

Now, with the coming of the FAX machine, the next wave of 
electronic's assault on our privacy has landed. A friend 
installed a FAX machine at home so that his clients in Asia 
can reach him during their working hours. Now he is wakirg 
up in the middle of the 'night to check his FAX machine for 
mail, and replying during the wee hours. 

Even those of us that have no need for the cutting edge in 
electronics gadgetry can't escape completely unscathed. I 

received a pocket electronic organizer for Christmas. Nice 
gadget: It keeps my appointments, phone numbers, memos; 
is a great calculator; and more.But I really could have lived 
without the buzzer alarm. 

The pay off came today. Since I do a lot of work at home, I 

have three telephone lines and several phones throughout the 
house. When I stepped in the door, my wife informed me that 
she had surveyed the layout and learned that for the price of a 
few more phones and some wiring, we could have a telephone 
in every room in the house, and I mean every room in the 
house. Enough is enough! 

Home is a man's castle! 

Julian S. Martin, KA2GUN 
Editor 

2 
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Letters 
LET THERE BE LIGHTNING 

We have been informed that the 04004 quad- 
rac used in the "Lightning Bulb" article (Popu- 
lar Electronics, February 1989) is no longer 
available. However, two direct replacements 
are available; those are the 2N6073Á and 
the ECG 5646. In addition, as mentioned 
in the article, a 4 -amp, 400 -volt triac/diac 
combination may be used in place of the 
quadrac. 

Also, the bulb (11) was listed in the Parts 
List as a G-400 type; it is a G-40 type, as 
shown in the schematic.-Editor 

RADIO RECOLLECTIONS 

As a new subscriber to Popular Electron- 
ics, I must tell you that I find things in your 
pages that bring back some fond memories. 

I have worked and hobbied in electronics 
for over 50 years, at one time or another 
as radio repairman, short-wave listener, AM 
transmitter engineer, military technician, elec- 
trical engineer, and Bell equipment engineer 
from open wire through carrier and micro- 
wave to the beginning of fiber optics. I have 
repaired (and, regrettably, disassembled) 
many of the radios of the period now cov- 
ered by your "Antique Radio" column. 

Since I also qualify, several times over, 
as a Grandpa, I must tell you that "Grandpa's 
Short Wave Receiver" (Popular Electron- 
ics, February 1989) is functionally a close 
copy of my first full-size project-the "RSR 
Receiver" from the 1938 annual of, I believe, 
Radio Craft. That receiver was also sold com- 
mercially for a short while, although super- 
hets already had pretty well monopolized the 
field. It did have the addition of super - 
regeneration (the "SR" in "RSR") for 10, 71/2, 

and 5 meters, which took over from the band - 
switched lower bands by a system of links 
and self-supporting coils that were shuffled 
among some chassis -top pinjacks. 

It was a little more advanced in some ways. 
The lower bands did not require a tickler to 
each (or all) coil(s) because the later plan 
of a cathode tap on each coil allowed adjust- 
ment by plate voltage only to the feedback. 
It used a 6K7 untuned RF for the same rea- 
son as "Grandpa's," a 6J5 detector (yes, grid 
leak!) and another for first audio, and a 6L6 
output-real speaker power there, even with 
a modest voltage supply. I don't remember 
the rectifier -80 or 5Y3, I think. 

With that receiver, I logged most of the 
well-known pre -WWII shortwave broadcast 

stations. I still have my collection of verifica- 
tion cards from the BBC, Radio Berlin, and 
the rest. 

I would like to suggest a later retrofit for 
your receiver to allow good loudspeaker vol- 
ume. Even the LM386 can serve marginally, 
but other common chips would be capable 
of more output, fully taking the place of the 
6L6; I always liked the glass versions be- 
cause of their cheery glow! 

It is interesting to think that new experi- 
menters might like to reproduce our simpler 
amusements of the past! 

C.E.W 
Orlando, FL 

A READER'S REQUEST 

I would like to see an article on building a 
device that is similar to Radio Shack's Tele- 
phone Recording Control (cat. No. 43-236- 
B), for tapping my own phone. (How does 
it work?) However, I'd like to see it voice 
activated rather than line -voltage activated. 

I would design it myself, but I don't know 
how to protect the audio amp in it from the 
very high ring voltage on the line. Can you 
help me out? 

H.L.K. 
New York, NY 

Hang on for another month or two. We 
have a story in the works that may be just 
what you are looking for. 

PARTS SEARCH 

As a student in an electronics course at a 
local community college, I have been build- 
ing up my own home shop, partly with instru- 
ments like the "10 -MHz Frequency Counter" 
from the January issue of Popular Electron- 
ics. Our teacher requires us to build that type 
of project for the course, and our grades de- 
pend on them. 

Another student and I both wanted to build 
that instrument, and we began to buy parts 
for it. However, we've been baffled to no end 
looking for the 5.24288 -MHz crystal required. 
So far, we've located only one supplier, a 
manufacturer who will custom -build the crys- 
tals for us, at a substantially higher price than 
those in the catalogs. Another problem con- 
cems the ICM 7207A oscillator -controller. Cata- 
logs list three different versions of the 7207A, 
each with the affix "AIPD" and a frequency 
rating. Which is the proper one? 

It was a serious oversight not to include 
sources for those special parts in the article. 
They do not seem to be widely used, judging 
from the scarcity of catalog listings for the 
7207A, and the total absence of listings for 
the crystal. I would very much appreciate 
an answer to my questions so that I can com- 
plete the project. It appears to be very well 
designed, and would be a real asset to any 
electronics technician. 

Popular Electronics is widely read by the 
technician trainees at my school. Although 
they find it interesting, about half of them 
are skeptical of building projects from any 

magazine article, due mainly to the problems 
encountered by those who do. You could 
help to remove that skepticism by requiring 
authors to provide more complete informa- 
tion. 

W.P.H. 
Richland, WA 

As stated here in the past, we tr./ to pro- 
vide information on any parts we feel would 
be hard to find. At the time this article was 
prepared, both the IC and the crystal were 
relatively easy -to -find components; unfortu- 
nately, as sometimes happens, several hob- 
byist -oriented suppliers seem to have dis- 
continued one or both components at the 
same time. One that we know of stir/ carries 
both, however. That company is Circuit Spe- 
cialists (P.O. Box 3047 Scottsdale, AZ 85271- 
3047; tel. 602/966-0764); contact them di- 
rectly for pricing and shipping information. 
In addition, you should be able to order the 
crystal from any of the major crystal houses, 
such as Jan Crystals (P.O. Box 06017, Ft. 
Meyers, FL 33906; 813/936-2397) or Crys- 
tek (2351/2371 Crystal Dr., Ft. Meyers, FL 
33906-6135; 813/936-2109). 

We must confess, we were not aware !hat 
7207A came in more than one varie!y; if we 
were, we would have provided a more com- 
plete specification for that unit. However, as 
technical students, the frequency of our elu- 
sive crystal should have tipped you off that 
what you need is the 5 -MHz version. 

FREQUENCY -COUNTER DISPLAYS 

I have acquired a small stock of common - 
cathode, multiplexed LED displays that would 
be suitable for use in my project "10 -MHz 
Frequency Counter" (January, 1989). Both 
units feature right-hand decimal poirts. One 
display is an 9 -digit unit whose circuit board 
measures approximately 13/a by 23/8 inches; 
there is no connection to D1 (the first digit), 
so the display is, in effect, an 8 -digit one. 
The other display is a 12 -digit unit whose 
circuit board measures approimately 3;4 by 
23/4 inches; D1 has ground and decimal - 
point connections only, while D12 has no 
decimal point. Either may be purchased for 
$4.00 each, postpaid, while supplies last (buy- 
ers should include a stamped, self-addressed 
envelope with each order for my reply if stocks 
are exhausted). GA residents must add ap- 
propriate sales tax. 

Paul W Aman 
1552 Daffodil Dr. NE 
Marietta, GA 30062 

HAVES AND NEEDS 

I am looking for Dick Smith's Radio Control 
Hobbyist's Handbook, by Edward Safford, 
or a similar book that explains how :o build 
projects to make most of my house radio 
controlled. 

Michael J. Giamportone 
7330 Duce Road 

Yale, MI 48097 

I have a Dumont oscilloscope (Model 440, 
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Serial No. 134, 48/1000 Hz, 115/230 volts, 

265 watts). I need a manual for it, and any 

other information that I can secure. Can you 

help me out? 
Ken Fletcher 

1115 Nbodbine Ave. 

Elmira, NY 14904 

I'm a new subscriber and glad to see the 
name Popular Electronice back on the 
scene. Perhaps one of your other readers 
could help me. I purchased two test instru- 

ments at a local flea market: a Hewlett 
Packard Model 5216A, 12.5 MHz electronic 
counter, and a Hewlett Packard 3400A RMS 

voltmeter. They both appear to be working 
well, but I would like to acquire the schemat- 
ics and manuals to be able to make the maxi- 
mum use of them. Any help would be greatly 
appreciated. 

Robert H. Krueger 
2 South 250 Valley Road 

Lombard, IL 60148 

I bought an older Bearcat scanner; it is a 

model BC -150. If any Popular Electronics 
readers can share information of any kind, 

I'd be grateful. I especially need information 
on how to program the frequencies. 

William Stratton 
Rte. 10, Box 87 

Columbus, MS 39702 

CLUB CALL 

My grandson is just getting interested in SWL 
listening, and I bought him a receiver for Christ- 

mas. Is there a club for SWL's that he could 

join? Being part of a group that's interested 
in the same hobby would certainly help keep 
him interested. 

Al Potter 
2 Buttonwood Drive 

Perlin, NJ 08859 

It's nice to know there are grandfathers 
that give lasting gifts to their grandchildren. 
If you can help, please write to Al. 

MIXED MEMORIES 

I think that the name change to Popular Elec- 
tronics is a nice idea-it brings back memo- 
ries of just how much I loved the original 
Popular Electronics. I also remember when 
someone apparently decided that a hobby - 

computer magazine would attract more read- 

ers (and advertisers) than a hobby -electron- 
ics magazine. That was when I let my 26 - 

year uninterrupted subscription lapse, and 
did not renew it. 

As a subscriber to your magazine, I just 
wanted to share my memories with you. 

H.R.R. 
Newton, MA 

As you can see from our recent issues, 

that's a mistake that won't be repeated here. 

As always, we pledge to serve the interest 
of all electronics hobbyists, not just a select 
group. 

CABLE -TV 

BONANZA! 
ITEM UNIT 

10 OR 
MORE 

HAMLIN MCC .100036 CORDED REMOTE CONVER TER( CIS i 3.1, 2900 1800 

PANASONIC WIRELESS CONVERTER IC/La nest buys 9800 7900 

STAR GATE 2000 88 00 69 00 

'JERROLD 400 COMBO 169 00 119 00 

JERROLD 400 HAND REMOTE CONTROL 2900 1800 

'JERROLD 450 COMBO 19900 13900 

'JERROLD 450 HAND REMOTE CONTROL 2900 1800 

JERROLD SB -ADD-ON 9900 6300 

'JERROLD SB -ADD-ON WITH TRIMODE 10900 7500 

1M-35 B COMBO UNIT ICh 3 output only, 9900 7000 

'M-350 COMBO UNIT WITH VARISYNC 10900 7500 

'MINICODE IN -12, 9900 6200 

'MINICODE IN -121 WITH VARISYNC 10900 6500 

' MINICODE VARISYNC WITH AUTO ON-OFF 14500 10500 

ECONOCODE unuucod, sunstduh., 6900 4200 

ECONOCODE WITH VARISYNC 7900 4600 

MLD-1200-3,Ch 3output, 9900 6200 

-MLD-1200-2ICh 2mdpta, 9900 6200 

'ZENITH SSAVI CABLE READY 17500 12500 

INTERI ERENCE FILTERS ICY 3o111y1 24110 ía00 

'E OGLE P0-3 DESCRAMBLER ,Ch i r,,31:,,ín,y. I1900 6500 

.,, 3 NT ,I IT AT, AN TA ADP -ON REPLACEMENT DENCRAMHI ER 1191X1 8500 

'CALL FOR AVAILABILITY 

Quantity Item 
Output 

Channel 
Price 
Each 

TOTAL 
PRICE 

California Penal Code #593-D forbids us 
from shipping any cable descrambling unit 
to anyone residing in the state of California. 

Prices subject to change without notice. 

SUBTOTAL 
Shipping Add 
$3.00 per unit 

COD & Credit 
Cards - Add 5% 

TOTAL 

Name 

Address City 

State Zip Phone Number 

Cashier's Check Money Order COD Visa Mastercard 

Acct # Exp. Date 

Signature 

FOR OUR RECORDS: 
DECLARATION OF AUTHORIZED USE - 1, the undersigned, do hereby declare under penalty of perjury 
that all products purchased, now and in the future. will only be used on cable TV systems with proper 

authorization from local officials or cable company officials in accordance with all applicable federal and 

state laws. FEDERAL AND VARIOUS STATE LAWS PROVIDE FOR SUBSTANTIAL CRIMINAL AND CIVIL 

PENALTIES FOR UNAUTHORIZED USE. 

Dated- Signed 

Pacific Cable Company, Inc. 
73251/2 RESEDA BLVD., DEPT. # P-5. RESEDA, CA 91335 

(818) 716-5914 No Collect Calls (818) 716-5140 

IMPORTANT: WHEN CALLING FOR INFORMATION 
Please have the make and model # of the equipment used in your area. Thank You 
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Electronics Library 
'Mohican additional in/urination on the books 
and publications covered in this section from 
the publisher. pieuse circle the item's code nam- 
her on the Free In/ornation Card 

picture -sweep failure and loss of the ras- 
ter, custom television circuits, the black -and - 
white receiver, low -voltage power -supply 
problems, and an introduction to color tele- 
vision. 

Television Symptom Diagnosis: Third Edi- 
tion is available for $19.95 from Howard 
W. Sams & Company, 4300 West 62nd 
St., Indianapolis, IN 46268; Tel. 800 -428 - 
SAMS. 

CIRCLE 95 ON FREE INFORMATION CARD 

TELEVISION SYMPTOM DIAGNOSIS: 

Third Edition 

by Richard W. Tinnell 
revised by Gregory R. Capelo, CET 

Based on the premise that a good techni- 
cian needs four basic skills-the ability to 
observe and recognize symptoms, an un- 
derstanding of the television -receiver sys- 
tem, enough knowledge of electronic cir- 
cuitry to be able to isolate a problem to 
an individual component, and the physical 
dexterity needed to replace parts-this book 
undertakes to teach beginning and inter- 
mediate technicians the first three skills. 
(The fourth skill will come with practice and 
experience.) 

Rather than concentrating on complex 
theory, the book provides the practical in- 
formation necessary to diagnose problems, 
locate defective parts, and get television 

Riteetpet trot 1,01111. 

equipment back up and running. The third 
edition has been updated to include the 
latest high-tech televisions, with expanded 
troubleshooting coverage. A separate chap- 
ter is dedicated to each section of the re- 
ceiver, for quick reference to specific prob- 
lems. Information is reinforced by review 
questions at the end of each chapter, and 
the book is heavily illustrated with circuit 
diagrams, drawings, and photos. 

Some of the topics covered include 
troubleshooting video failures, automatic 
gain control, audio section failures, the 
sound IF section, television sync problems, 

50 POWERFUL PRINTED 
CIRCUIT BOARD PROJECTS 

by Dave Prochnow 

Each of the projects in this book includes 
its own computer -generated photo image 
of the printed -circuit board, as well as full 
descriptions, schematic diagrams, and in- 
structions. Using the templates and follow- 
ing the step-by-step directions for etching 
the boards can make project -building a sim- 
pler and quicker process. 

The projects include a wireless micro- 
phone, a light sensor, a 6 -volt battery 
charger, pulsing lights, an LED timer, a so- 
lar radio, and an IR communicator. Also 
featured are a mercury alarm, a complex 
speech synthesizer, an insect repeller, a 
roaming robot, a light alarm, a code -prac- 
tice oscillator, and a random -light game. 
Mail-order sources for any potentially hard - 
to -find materials are listed, along with a parts 
index, selected IC data sheets, and a glos- 
sary. 

50 Powerful Printed Circuit Board Pro- 
jects is available for $15.95 from Tab Books 
Inc., Blue Ridge Summit, PA 17294-0850; 
Tel. 1-800-233-1128. 
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THE LASER COOKBOOK: 

88 Practical Projects 

by Gordon McComb 

This book serves as an introduction to la- 
ser and optic technologies, and presents 
88 laser -based projects. Those projects, 
which are geared toward the experimenter 
on a tight budget, go far beyond "laser tag" 
toys. They are designed to be practical, 
informative, and fun. 

Background information is provided on 
the history, theory, and common applica- 
tions of laser light. There is an introduction 
to optics, and details on helium -neon la- 
sers-including how to build a complete 
He -Ne laser experimenter's system. The 
book offers practical advice conceming nec- 
essary tools; where to buy lasers and laser 
power supplies; sources for components, 
parts, and systems; and using lasers safely. 

The projects show how to use lasers for 
holography, laser -beam intrusion and de- 

tection systems, coherent -light seismology, 
precision measurements, laser and fiber - 
optics computer -data links, laser -beam com- 
munication, laser guns, and light shows. 
Several laser power supplies are also in- 
cluded. All projects have been tried and 

LASER 
COOKBOOK 

field tested. Whenever possible, the com- 
ponents were designed as separate "build- 
ing blocks," and readers are encouraged 
to mix -and -match them for custom designs. 
Alternative approaches, parts lists, and 
sources of both electrical and mechanical 
components are provided. 

The Laser Cookbook: 88 Practical Pro- 
jects is available for $17.95 from Tab Books 
Inc., Blue Ridge Summit, PA 17294-0850: 
Tel. 1-800-233-1128. 
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PC POWER PROTECTION 

by Mark Waller 

If you've ever had your computer "crash" 
due to a power disturbance, you know just 
how important a reliable power source is. 
Besides the loss of data, a power surge 
can cause extensive damage to expensive 
computer hardware. As we become more 
dependent on our computers both at home 
and at work, and as we link our computers 
to mainframes, minis, other PC's, and fax 
machines, the problem of "dirty" power 
grows proportionately. In response to that 
problem, an array of PC power products 
have hit the market-but there are few reli- 
able sources of information on what, pre- 
cisely, those products do, or how well they 
do it. 

This book provides an overview of PC 
power protection, supplying readers with 
the information they need to make deci- 
sions about protecting their own comput- 
ers from such power problems as sags, 
surges, brownouts, and lightning. In non- 
technical terms, it explains basic electric- 
ity; power quality; the dangers of lightning, 
static, and noise; and proper grounding. 
The technological approaches to solving 
power problems are analyzed, and various 
products are examined in terms of how they 
work, their strengths and weaknesses, and 
their applications. The book covers tran - 
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sient suppression devices, surge suppres- 

sors, voltage regulators, the simple power 

conditioner, standby power systems, and 

uninterruptable power supply (UPS) de- 

signs. 

To help clarify the decision -making proc- 

ess, the section on scope basics includes 

how to select the appropriate bandwidth, 

number of vertical channels, vertical sensi - 

tivity, triggering features, and sweep 

able at no charge from Tektronix, P.O. Box 

1700, Beaverton, OR 97075; Tel. 1 -800 -426 - 

2200. 
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A chapter on the specific problems en- speeds. Digital terminology-such as sam- 

countered by local area networks and desk- ple rate, resolution, and record length-is GENERAL RADIOTELEPHONE OPERATOR'S 

top -publishing systems is included. The 

book is extensively illustrated, and includes 

a glossary of all technical terms used. 

LICENSE STUDY GUIDE: Second Edition 

by Thomas LeBlanc, NX7P 

PC Power Protection is available for Affordable Por 

kit UN Series The FCC General Radiotelephone Opera 

$19.95 from Howard W. Sams & Company, 

4300 West 62nd St., Indianapolis, IN 46268; 

tor's License exam was revised so exten- 

sively in 1986-one license exam now en - 

Tel. 800 -428 -SAMS. ,. compasses the material once covered by 

three licenses classes, and transistor and 

CIRCLE 95 ON FREE INFORMATION CARD digital theory replaces out -dated tube the- 

ory-that older study guides were rendered 

TEK 2200 SERIES AFFORDABLE " obsolete. Written by a test -prep instructor, 

this book is intended to help readers to 
PORTABLES: "new" test, all the lat- 
How to Choose an Oscilloscope 

This 12 -page brochure from Tektronix is writtenconcepts, written for anyone who is considering the 

pass the and covers 
est developments in the field. Taking an 

instructional approach, the book stresses 
understanding rather than the rote 

defined. The brochure also describes the 

capabilities that are unique to digital oscil- 

loscopes, including pre -trigger and wave- 
purchase of a portable oscilloscope. The form storage and transfer. Such automated 

memorization of answers. 

array of oscilloscopes and features avail- features as automatic setup and store/ 
The book includes discussions of har - 

able today can lead to confusion. The guide recall of front panel setups are also ex-monics, image reception, calculations of deci- 

covers how to choose between analog and bels and square -wave components, and vari - 

digital scopes, which basic features are 
plained. 

ous aspects of tank circuits. The new ma - 

essential, and gives clear explanations of TEK 2200 Series Affordable Portables: rine and aviation rules and regulations are 

advanced automated features. How to Choose an Oscilloscope is avail- explained, and FCC rules and regulations 

BMW 

Relax! You've just dicovered MCM Electronics! 

MCM ELECTRONICS 
650 CONGRESS PARK OR. 
CENTERVILLE, OH 45459-4072 

A PREMIER Company 

If you've been looking for o dependable supplier of first rate 

electronic ports and components, relax! The all -new, FREE, 1 76 -page 

MCM Electronics Catalog is probably the most outstanding catalog 

you'll ever come across! Inside its pages, you'll find more than 

11,000 top quality items...including more than 500 new products! 

It's oll here...from the items you need most often to those highly 

specialized, hard -to -find products that you've gone crazy looking 

for! Rnd almost everything is in -stock in our huge warehouse, and 

available for shipment to you within just 24 hours under some of 

the most flexible payment terms in the industry! If you require 

technical assistance, just call our TOLL -FREE 

number to get the answers you 
need - when you need them! 

So, get your copy of the 
all -new MCM Electronics 

Catalog today. When 
you do, you'll spend 

less time looking 
for the items you 

need - and more 
time relaxing! 

To get your subscription to the MCM Catalogs... 

CALL TOLL -FREE 1-800-5434330 

MCM 
ELECTRONICS 
CATALOG 13 id 

/ SOURCE NO. HO -26 
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Electronics Library 

are covered in detail. Also examined are 
radar fundamentals, series and parallel time - 
constant problems, troubleshooting three - 
transistor transmitters, and transistor -bias 
considerations. Study questions are pro- 
vided after each chapter; an answer key 
appears at the back of the book. The author 
has included a listing of FCC offices that 
supply information and applications, and 
a glossary of terms. 

General Radiotelephone Operator's Li- 
cense Study Guide: Second Edition is avail- 
able for $15.95 from Tab Books Inc., Blue 
Ridge Summit, PA 17294-0850; Tel. 1-800- 
233-1128. 
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tensive cross-reference are provided. There 
is also a section containing package out- 
lines. 

The RF Products Selector Guide & Cross 
Reference is available at no charge, by 
requesting SG46/D from Motorola Inc., Lit- 
erature Distribution Center, P.O. Box 20924, 
Phoenix, AZ 85063; (602) 994-6561. 
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RF PRODUCTS SELECTOR 

GUIDE & CROSS REFERENCE 

Motorola's selector guide (SG46/D) has un- 
dergone some major changes from previ- 
ous editions. For the first time, the RF prod- 
ucts of Motorola, Phoenix, are combined 
with those of two additional, new product 
centers (the result of the acquisition of TRW 
RF Devices Division in March 1988). A broad 
line of RF products is represented, includ- 
ing new products for avionics, military, land- 
mobile/cellular radio, CATV, TV/base sta- 
tions, and small -signal applications. Sev- 
eral new categories have been added to 

to accommodate products that were not pre- 
viously available from Motorola, including 
VHF/UHF ultra -linear transistors for TV ap- 
plications, amplifier modules, and a greatly 
expanded line of microwave devices. 

The brochure is divided into two major 
parts-discrete devices and amplifiers. 
Within those parts, there are separate list- 
ings for such categories as power FETs, 
power bipolar AND small -signal bipolar 
transistors. Parts are listed by frequency 
band (except for small -signal transistors, 
which are divided by application). Within 
a frequency band, transistors are further 
grouped by operating voltage and output 
power. 

For quick reference, an index and ex - 

WINTER 1989 HEATHKIT CATALOG 

More than 10% of the new Heathkit cata- 
log is devoted to amateur radio. For new- 
comers to the hobby, there is a thorough 
explanation of what amateur radio is, how 
to get started, how to get QSL cards, and 
even how to become a member of the Ameri- 
can Radio Relay League (ARRL). 

Fourteen pages are devoted to Heath's 
complete line of amateur -radio equipment, 
both fully assembled and in kit form, in- 
cluding packet radio TNC's, multi -mode SSB/ 
CW/RTTY active audio filters, CW code os- 
cillators, QRP meters, active antennas, 
noise bridges, and VLF converters. Some 
innovative products are highlighted, includ- 
ing the SB -1400 100 -watt HF all -mode trans- 
ceiver, which features 20 memory chan- 
nels and covers all 9 HF amateur bands 
while offering general coverage reception 
from 100 kHz to 30 MHz. 

Besides amateur -radio gear, the catalog 
features audio, TV/video, and computer prod- 
ucts; radio control devices; marine, weather, 
security, and public address equipment; edu- 
cational and starter kits; and tools and test 
instruments. All kits are rated with the skill 
level required for assembly. 

The Winter 1989 Heathkit Catalog is avail- 
able upon request from Heath Company, 
Benton Harbor, M/ 49022; 1 -800 -44 - 
HEATH. 

CIRCLE 84 ON FREE INFORMATION CARD 

OS/2 PROGRAMMING: 

AN INTRODUCTION 

by Herbert Schildt 

Subtitled "Get Up To Speed Fast," this book 
is designed to save time for programmers, 
by offering an alternative to poring through 
endless OS/2 documentation. Developed 
jointly by Microsoft and IBM, it presents a 
well -organized, solid foundation in OS/2 pro- 
gramming. 

Examples of C programs are used to 
explain such concepts as multitasking, in- 
terprocess communications, and the crea- 
tion of dynamic -link libraries. Special em- 
phasis is placed on device monitors; file 
and printer I/O; and screen, mouse, and 
keyboard services. The book also provides 
an introduction to the "Presentation Man- 

OS/2- 
PROGR,uiM+wVG: 

I0 10/0000C IlO M 

ager" graphic interface, and sample pro- 
grams from which readers can begin to de- 
velop their own OS/2 programs. Useful ap- 
pendixes include a look at 80286's six mem- 
ory models, function prototypes, and a re- 
view of C. 

OS/2 Programming: An Introduction is 
available for $21.95 from Osborne McGraw- 
Hill, 2600 Tenth Street, Berkeley, CA 94710. 
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ENCYCLOPEDIA OF ELECTRONIC CIRCUITS 

Volume 2 

by Rudolf F. Graf 

This sourcebook includes more than 700 
electronic and integrated circuit ideas, for 
all levels of electronics enthusiasts. A com- 
panion book to Encylopedia of Electronic 
Circuits: Volume 1 (published in 1985), Vol- 
ume 2 contains all new circuits; none pre- 
viously appeared in the first volume. 

The book's 700 -plus pages are packed 
with circuits, arranged alphabetically from 
"Alarm and Security Circuits" to "Touch - 
Switch Circuits." In between, readers will 
find temperature sensors; timers; probes; 
radar detectors; games; oscillators; count- 
ers; receivers; power amplifiers; battery 
monitors; converters; and computer, circuit - 
protection, stereo -balance, tape -recorder, 
motor -control, function -generator, telephone - 

(Continued on page 12) 
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No other training in school, on the 'ob, 
anywhere-shows you how to trouble- 
shoot and service computers like NRI 

HARD DISK 
20 megabyte hard disk drive you install 
internally for greater data storage 
capacity and data access speed. 

DIGITAL MULTIMETER 
Professional test Instrument for 
quick and easy measurements. 

LESSONS 
Clearcut illustrated 
texts build your ' 
understanding J 
of computers WJ 
step by step. 

SOFTWARE 
Including MS-DOS, GW 
BASIC, word processing, 
database and spreacsheet 
programs. 

Only NRI walks you through the 
step-by-step assembly of a powerful 
XT -compatible computer system you 
keep-giving you the hands-on 
experience you need to work with, 
troubleshoot, and service all of today's most 
widely used computer systems. You get all it 
takes to start a money -making career, even a 

business of your own in computer service. 

No doubt about it: The best way to learn to service computers is to actually 
build a state -of -the art computer from the keyboard on up. As you put the 

machine together, performing key tests and demonstrations at each stage of 
assembly, you see for yourself how each part of it works, what can go wrong, 
and how you can fix it. 

Only NRI-the leader in career -building, at-home electronics training for 75 

years-gives you such practical, real -world computer servicing experience. Indeed, 

no other training-in school, on the job, anywhere- shows you how to trouble- 
shoot and service computers like NRI. 

You get in -demand computer servicing skills as you 
train with your own XT -compatible system-now 

with 20 meg hard drive 

With NRI's exclusive hands-on training, you actually build and keep the powerful 
new Packard Bell VX88 PC/XT compatible computer, complete with 512K RAM and 

20 meg hard disk drive. 

You start by assembling and testing the "intelligent" keyboard, move on to test 

the circuitry on the main logic board, install the power supply and 5'' " disk drive, 
then interface your high -resolution monitor. But that's not all. 

Only NIRI gives you a top -rated micro with complete 
training built into the assembly process 

Your NRI hands-on training continues as you install the powerful 20 megabyte hard 

disk drive-today's most wanted computer peripheral-included in your course to 

dramatically increase your computer's storage capacity while giving you lightning - 

quick data access. 

Having fully assembled your Packard Bell VX88, you take it through a complete 

series of diagnostic tests, mastering professional computer servicing techniques as you 

take command of the full power of the VX88's high-speed V40 microprocessor. 

In no time at all, you have the confidence and the know-how to work with, 
troubleshoot, and service every computer on the market today. Indeed you have 

what it takes to step into a full-time, money -making career as an industry technician, 
even start a computer service business of your own. 

No experience needed, NRI builds it in 

You need no previous experience in computers or electronics to succeed with NRI. 

You start with the basics, following easy -to -read instructions and diagrams, quickly 

PACKARD BELL COMPUTER 
NEC '/40 dual speed 14.77 MHz /8 MHz) CPU, 
5125 RAM, 360K double -sided disk drive. 

MONITOR 
High -resolution, non -glare, 12" TTL 
monochrome monitor with tilt and 
swivel base. 

TECHNICAL MANUALS 
With ptfvssional programs and 

complete specs on Packard 
Bell computer. 

DISCOVERY LAB 
Complete breadboarding 

system to let you design and 
modify circuits, diagnose 

and repair faults. 

DIGITAL 
LOGIC 

PROBE 
Simplifies 

analyzing digital 
circuit operation. 

moving from the fundamentals to 
sophisticated computer servicing 

techniques. Step by easy step, you 
get the kind of practical hands-on 
experience that makes you uniquely 

prepared to take advantage of every 
opportunity in today's top -growth 

field of computer service. 

What's more-you learn at your own 
pace in your own home. No classroom 

pressures, no night school, no need to 
quit your present job until you're ready 

to make your move. And all throughout 

your training, you have the full support of your personal NRI instructor and the NRI 

technical staff always ready to answer your questions and give you help whenever 

you need it. 

Your FREE NRI catalog tells more 

Send today for your free full -color catalog describing every aspect of NRI's innovative 

computer training, as well as hands-on training in robotics, video/ audio servicing, 

electronic music technology, security electronics, data communications, and other 

growing high-tech career fields. 

If the coupon is missing, write to NRI School of Electronics, McGraw-Hill 
Continuing Education Center, 4401 Connecticut Avenue, Washington, DC 20008. 

PC/XT and XT are registered trademarks of International Business Machines Corporation 

r--------------, School of N?AV Electronics ire I 
McGraw-Hill Continuing Education Center 
4401 Connecticut Avenue, Washington, DC 20008 

CJ Check one FREE catalog only 
Computers and Microprocessors 
Robotics 

TVNideo/Audio Servicing 

Computer Programming 

For career courses 
approved under GI bill 

E check for details 

Security Electronics 

Electronic Music Technology 

Basic Electronics 

Data Communications 

Name (please print) Agr 

Address 

City/State/Zip 
Accredited by the National Home Study Council 
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r NEW FROM ETT 
Li RATCHET - ELEVEN - 
PIECE RACHET TOOL 
KIT $10.00. Includes re- 
versible ratchet handle, ex- 
tension bar, six bits, two 
precision screwdrivers, and 
a cutter. Comes in fitted 
case. Get one for your shop, 
another for your car an- 
other for your tool kit. 

LI TOOL KIT-NINE- 
PIECE TOOL KIT 
$9.50. Includes saw, bub- 
ble level, three screw- 
drivers, torque multipier, 
calipers for inside and out- 
side measurements, nip- 
pers, and a tape measure. 

BP233-ELECTRONIC 
HOBBYISTS HANDBOOK 
.... $9.95. Provides an inex- 
pensive single source of 
easily located data that the 
electronics enthusiast is 
likely to need in his day-to- 
day hobby activiites. 8 x 10 
inches. 

PI BP232-CONCISE IN- 
TRODUCTION TO MS- 
DOS $5.95. If you are a 
PC user and want to get the 
most out of your computer, 
you must learn 'its MS/PC- 
DOS operating system. 
That's what this book shows 
you. 

> Ceeciou 

iov 
.:a.,;erN 

YS -DOS 

BP194-MODERN 
OPTO DEVICE PROJ- 
ECTS $6.25. Provides a 
number of practical designs 
that use opto -electronic de- 
vices such as fiber optics, 
LED's, and passive IR de- 
tectors. 

BP234-TRANSISTOR 
SELECTOR GUIDE.... 
$10.00. Prepared from a 

vast database of specifica- 
tions. Unique guide offers a 
wide range of selection ta- 
bles. More than 1400 de- 
vices are listed along with 
specs. 

MAIL TO: Electronic Technology Today Inc. 
PO Box 240 
Massapequa Park, NY 11762-0240 

SHIPPING CHARGES IN USA AND CANADA 

$0.01 to $5.00 ... $1.25 $30.01 to $40.00 $5.00 
$5.01 to 10.00 ... $2.00 $40.01 to $50.00 $6.00 
$10.01 to $20.00 $3.00 $50.01 and above $7.50 
$20.01 to $30.00 $4.00 
SORRY, No orders accepted outside of USA and 
Canada 
Total price of merchandise $ 

Shipping (see chart) $ 

Subtotal $ 

Sales Tax (NYS only) $ 

Total Enclosed $ 

Name 

Address 

City State Zip 
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Electronics Library 
(Continued from page 8) 

related, and sound -effect circuits-to name 
just a few. 

In addition, the book includes a compre- 
hensive index, a source index, and a cross- 
reference to Volume 1. A listing of the origi- 
nal circuit sources includes Motorola, Na- 
tional Semiconductor, the National Aero- 
nautics and Space Administration, and 
Texas Instruments. 

The Encyclopedia of Electronic Circuits: 
Volume 2 is available for $24.95 from Tab 
Books Inc., Blue Ridge Summit, PA 17294- 
0850; Tel. 1-800-233-1128. 
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setup procedure for a typical show. The 
text is accompanied by both photographs 
and illustrations. Appendixes cover electri- 
cal formulas and wiring information, and 
depict sample production checklists. 

Concert Sound and Lighting Systems 
is available in hardcover for $24.95 from 
Focal Press, 80 Montvale Avenue, St- 
oneham, MA 02180. 
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CONCERT SOUND AND LIGHTING SYSTEMS 

by John Vasey 

This "roadie's handbook" provides compre- 
hensive coverage of the sophisticated equip- 
ment and complex setup procedure required 
for touring concert systems. It is intended 
as a reference source for those already 
working in the sound and lighting fields, 
and as a supplement to practical training 
for those who plan to enter the field. It of- 
fers detailed explanations of how the equip- 
ment works, laying the basic foundation for 
the artistic and creative side of the job. 

Before presenting separate sections on 
sound and lighting, the author delves into 
power and rigging, which are common to 
both and are crucial elements of all concert 

CONCERT 
SOUND 

AND 
LIGHTING 
SYSTEMS .STEt V 4..J 

tours. Introductions to various elements of 
the touring concert-the touring party, the 
local crew, and other local personnel-are 
provided, along with a look at career paths 
in the field. No prior knowledge is assumed, 
and the book fully explains how all the vari- 
ous parts fit together to create a safe, effi- 
cient show, as well as how the separate 
components actually work. 

The two major sections-sound and light- 
ing-contain detailed explanations of every 
piece of equipment used, and both sec- 
tions end with a discussion of the complete 

COMMUNICATIONS SOURCE BOOK 

edited by Sybil B. Parker 

This book, part of McGraw-Hill's "Science 
Reference Series;" comprises a collection 
of articles concerning communications. 
Each piece deals with one specific area 
of communications, and is written by an 
expert in that field. Together, the 120 arti- 
cles present a comprehensive, in-depth look 
at radio communications and telecommuni- 
cations and associated technologies-in 
one easy -to -use volume. 

The articles are arranged by subject, for 
quick reference, and each subject area con- 
tains detailed coverage of particular topics. 
For example, the chapter on signal trans- 
mission includes articles on communica- 
tions cables, electromagnetic wave trans- 
mission, attenuation, microwave transmis- 
sion lines, optical communications and fi- 
ber optics, radio -wave propagation, vari- 
ous antennas, and communications satel- 
lites. Other chapters focus on networks and 
switching, multiplexing and modulation, 
telegraphy and telephony, radio systems 
and transmission, television broadcasting, 
radio and television reception, and special- 
ized communications systems. 

Communications Source Book is avail- 
able in hardcover for $45.00 from McGraw- 
Hill Book Company, 11 West 19th Street, 
New York, NY 10011; Tel. 1-800-2- 
MCGRAW. 
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"I'm not going to warn you again, John; watch 
where you're pointing that stupid laser!" 
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thing-from basic principles to advanced HOME ELECTRICAL WIRING MADE EASY: 

DATA TRANSMISSION: design techniques-concerning data -trans- Common Repairs and Projects 

Second Edition mission characteristics, systems, applica- by Robert Wood 

by Dogan A. Tugal 
tions, and other topics. 

electrical 
and Osman Tugal 

To help resolve technical problems that 

arise during the design stage of a commu- 
Written for people with no more 

expertise than changing light bulbs, this 

Although it is aimed at engineers, manag- nications system, the book offers time- book presents safe and easy procedures 

ers, and technically oriented individuals in saving shortcuts and technical tricks for de- for common household electrical jobs. 

the telecommunications field, and exam- 

ines the theory and concepts of analog and 
signing or troubleshooting systems hard- 

ware. It examines such varied aspects as 
Safety is emphasized throughout the book, 

which opens with chapters on basic electri- 

digital data transmission, this book uses synchronization techniques, voice -compres- cal concepts, electrical safety, and legal 

only basic mathematical concepts and fo- sion methods, packet switching, and pack- and zoning considerations. 

cuses on real -lie applications rather than 

complex theoretical details. The book in- 
etized voice transmissions. Voice -grade, 

wideband, digital, radio, cable, satellite, and 
The actual projects are detailed with step - 

by -step instructions that are enhanced by 

eludes up-to-date information on every- fiber-optic systems are also covered in great plenty of drawings and photographs. In - 

detail. stallation projects include outlets, thermo- 

The second edition has been updated stats, garage -door openers, telephone 

to include such topics as circuit bridging, 

static electricity, circuit -isolation techniques, 

and power -supply problems. The book also 

jacks, door bells, timers, outdoor lighting, 

dimmer switches, and ceiling lights and fans. 

Troubleshooting techniques for repair and 

features a new chapter on local area net- replacement tasks are explained and illus- 

works (LANs), and includes coverage of trated. The language is kept as non-techni- 

the international standards recommended cal as possible. 

+.:47. by CCITT. Home Electrical Wiring Made Easy: Com- /ü) IN \\\.,\- Data Transmission (Second Edition) is mon Repairs and Projects is available for 

available in hardcover for $40.00 from $16.95 from Tab Books Inc., Blue Ridge 

McGraw-Hill Book Company, 11 West 19th Summit, PA 17294-0850; Tel. 1 -800 -233 - 

Street, New York, NY 10011; Tel. 1-800-2- 1128. 

MCGRAW. 
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HOLD IT ANYWHERE YOU WANT IT! 

PanaVise electronic work holding systems allow you to position, tilt and rotate 

your projects without removing them 

from their holding devices! With over 

30 years experience and made -in -USA 

quality, PanaVise ensures reliable, long- 

lasting service. 

MULTI -PURPOSE WORK CENTER: 

Self -Centering Extra Wide" 
Opt ning 

Head (opens to 9"), 
Base (moves in three planes), 

and convenient Tray Base Mount (with 

items with ease! Model #350.arts 
wells) handle $52 hold. 

STANDARD PANAVISE: Our most 

popular vise, the Standard PanaVise 

is an extremely versatile, useful 

workbench tool. Jaws open a full 

2.257 and the patented "split ball" 

base tilts, turns and rotates through 

three planes. One convenient con r 
knob locks work into any uni vise 

siti 

This durable, all -pure 
stands about 6" tall and will 

M de- 
liver years of ruggedservice. l 

#301. $33.95. 

ELECTRONIC WORK CENTER: A 

complete combination to make work 

areas more efficient and manag 

Circuit Board Holder 
to ntly,12" 

but 
ut 

firmly, holds PCB's up(moves wide. 

Add our Standard Base in 

three planes), Thy Base Mount (with 

parts wells), and Solder Station (self - 

centers wire and holds iron 
combo! 

at perfectec 

angle) for a great l 

#324. $54.95. 

See your local electronics u upplier or contact PanaVise 

for the source nearest y 
s, Inc.; 2850 E. 

PanaVise 
Mg Beach, CA 90806; (2 3) 595--7t621ireet: 
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New Products 
To obtain additional information on new 
products covered in this section from the 
inam /cic 1urer, please circle the item's rode 
number on the Free 'affirmation Curd 

The Blue Chip 286 system includes a 
101 -key AT -style keyboard and EGA, CGA, 
or VGA color -video graphics output. Two 
serial RS -232 communications ports and 
one parallel -printer port are included, and 
a clock/calendar is built onto the system 
board. 

Prices for the Blue Chip 286 AT -com- 
patible computer system start at $1,299.00. 
For additional information, contact Blue Chip 
International, Inc., 7305 West Boston St., 
Chandler, AZ 85226. 
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AT -COMPATIBLE COMPUTER 

The Blue Chip 286 is an AT -compatible 
computer with an 80286 processor that runs 
at 10 -MHz with one wait state-noticeably 
faster than that of the original AT. 

Several other time -saving features add 
to that speed. Memory -caching software pro- 
vides added speed during disk transfers, 
a common computer bottleneck. To speed 
applications that make extensive use of cal- 
culations, a socket is provided for an 80287 
math co -processor. The BIOS portion of 
the MS-DOS operating system is in ROM 
for quicker access. To lessen the amount 
of time needed to learn to run the system, 
the computer comes with Mastering MS- 
DOS 4.01, a thorough and readable guide- 
book. 

In terms of power, a 40-meg hard disk 
with AT controller and a 1.2-meg, 51/4 -inch 

floppy -disk drive occupy two of the three 
half -height drive slots; one slot is left for 
additional mass storage, or for other disk 
formats. The floppy -disk controller (on the 
system board) supports 51/4 -inch drives in 
360K and 1.2-meg configurations, and 31/2 - 
inch drives in 720K and 1.44-meg formats. 
A software -setup utility guides the user in 
setting up system parameters for any com- 
bination of drives and formats. 

The 512K memory is expandable to a 
full megabyte on board; that leaves six of 
the eight slots available for future expan- 
sion. The power supply has a full 200 watts 
of capacity to handle future additions. 

DUAL REMOTE -CONTROL HOLDER 

As audio/visual systems get more elabo- 
rate, we have an increasing assortment of 
peripheral gadgets to deal with-including 
more than one remote -control unit. It's easy 
enough to misplace one; with each addi- 
tional unit your chances of quickly locating 
the right one at the right time decrease. 

Clicker Products has introduced a sim- 
ple device to give you more control over 
your remote controls. Their patent -pending 
Clicker Holder keeps two remotes in one 
place. The Clicker Holder is a flat piece 
of plastic that is bent to resemble a "U". 
It comes with strips of Velcro that are used 

to secure two separate remote -control units, 
one on each side of the holder. The holder's 
configuration allows easy access to both 
remote controls-you can grip it through 
the middle as though you were holding a 
single remote control. Having two of them 
attached makes both units more obvious, 
and less likely to slip between the cushions 
of your sofa or get lost under the TV guide. 

The Clicker Holder has a suggested price 
of $5.95 in single quantities, including ship- 
ping. For more information, contact Clicker 
Products, 953 Hurlstone Ln., San Jose, CA 
95120. 
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VIDEO LIGHT 

Thomson Consumer Electronics' RCA 
Model VDC050 is a 35 -watt DC video light 

that is designed for use with all makes and 
formats of camcorders. The 12 -ounce light 
features a heat -resistant housing, making 
it both safer and more efficient. 

Its unique reflective lamp has a dichroic 
coating that reflects 85% of the heat - 
producing infrared waves back and through 
special louvers located on the sides of the 
lamp. To reduce the heat level further, the 

light has a double, thermal plate -glass lens 
at the front surface. 

By incorporating an efficient quartz - 
halogen, multi -mirror lamp, Thomson was 
able to reduce wattage to 35 watts. Thus, 
the RCA VDC050 consumes less battery 
power, yet provides adequate light levels 
for indoor shooting. 

The RCA VDC050 has a suggested re- 
tail price of $99.95. For additional informa- 
tion, contact local RCA Video Accessories 
distributors, or RCA Sales Promotion Serv- 
ices, Deptford, NJ 08096. 

CIRCLE 76 ON FREE INFORMATION CARD 

DUAL STEPPER -MOTOR DRIVER PACKAGE 

Arrick Robotics' MD -2 dual stepper -motor 
driver package includes everything needed 
to operate stepper motors from an IBM PC, 
XT, AT, PS/2, or compatible computer. (Par- 
allel printer port and cable, 256K, and DOS 
2.1 or greater are required.) Typical appli- 
cations include robotics, telescope position- 
ing, X -Y tables, conveyor belts, and indus- 
trial automation machines. 

The package allows sophisticated mo- 
tion control on a limited budget. The MD -2 
contains a motor driver with 6 -foot AC power 
cable; two size 23 stepper motors with 6 - 
foot cables; two mechanical, lever -type limit 
switches; and a power supply. It also in- 
cludes software utility programs that allow 
control of up to six motors on one com- 
puter, using a keyboard or joysticks. Sub- 
routines are written in several languages 
for custom applications. Extensive technical 
documentation provides all the information 
needed to use the package effectively. 

The MD -2 is easy to use by simply con- 
necting the driver to the parallel printer port, 

14 
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a one-year warranty, has a suggested re- 

tail price of $97.50. For additional informa- 
tion, contact Triplett Corporation, One Tri- 

plett Drive, Blufton, OH 45817. 
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plugging in the motors, and running the 

software. Front -panel lights display the 

status of each motor and the limit switches. 

The MD -2 dual stepper -motor driver pack- 

age, including two free software updates, 
costs $399.00. For further information, con- 

tact Arrick Robotics, P.O. Box 1574, Hurst, 

TX 76053. 
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CLAMP -08 DIGITAL MULTIMETER 

Triplett's Mod& 44 is a digital, clamp -on 

multimeter with a 31/2 -digit LCD display that 
has a maximum reading of 1999. It is com- 

pact sized to be easily hand held, and has 

a jaw -opening capability of 50mm. 
The unit features peak hold, data hold, 

diode check, and continuity. It offers 3 AC - 

current ranges (from 20 to 1000 amps), 2 

AC -voltage ranges (from 200 to 750 volts), 

and 2 DC -voltage ranges (from 200 to 1000 

volts). Other standard features include in- 

dicators for over input ("1" or "± 1"); for 

low battery; and for automatic negative polar- 

ity. The Model 44 runs on a single 9 -volt 

battery, with an expected battery life of 200 

hours. 
The Model 44 digital clamp -on multime- 

ter, complete with a pair of test leads, bat- 

tery, carrying case, instruction manual, and 

SPELL CHECKER 

The Ready Reference Spell -Checker from 

Texas Instruments is an advanced hand- 

held, electronic spelling checker that offers 

a data base of more than 93,000 words 

and several features that make it faster and 

easier to use than a standard dictionary. 
The Ready Reference features a spe- 

cial ENDINGS key that can display a root 

word with its most common endings, mak- 

ing it easy to determine the proper plural 
form of a word. For crossword -puzzle buffs, 

the WLDCARD key can be used to represent 

a single missing letter, and the MISSING SE- 

RIES to represent a group of missing let- 

ters. Users can even find correct spellings 
by entering words the way they sound. 

Phonetically based software will retrieve 

the proper spelling of such entries as 

"nabor" (neighbor). 
The spell checker's keypad is set up like 

a typewriter's. Control keys are grouped 
for convenience, and users can scroll 

quickly through word lists with the up- and 

down-arrow keys. An easily readable dot- 
matrix display shows 15 characters and has 

adjustable contrast. Messages and status 

indicators are displayed so that users can 
keep track of the function being performed. 

Designed to be carried from home to 

school or office, the Ready Reference meas- 

ures just 7 x 3.4 x 0.5 inches and weighs 

in at 7.1 ounces. A protective slide case, 
which can be stored on the back of the 

unit, is included. Powered by four AAA bat- 

teries, the spell checker has an "automatic 
power down" function that saves batteries 
by turning it off after several minutes of 

disuse. 
The Ready Reference Spell -Checker has 

a suggested retail price of $95.00. For more 

information, contact Texas Instruments, Con - 

Master the skies with 
the RC Flight Simulator 

Learn the ups and downs 
of RC aircraft and helicopter 
flight right on your com- 
puter screen. Exciting new 
software designed expressly 
for Heath Co. by Dave 
Brown Products lets you 
take the time you need to 
become a master pilot. 
You'll save on heartache 
and save on dollars when 
you perfect your skills 
before you ever put your 
plane in the air. 

Menu -driven software gives you a 
constant read-out of plane distance, 
true air speed, throttle setting and 
altitude. Even a dollar estimate of 
damage flashes on screen each time 
you crash. 

Use with Heath/Zenith and IBM 
PC, XT, AT and compatibles. 

Comes with dual joystick controller. 
Order required gameport adapter 
separately. 

To order your 
Flight Simulator for 
only $129.95 call 
1-800-253-0570 
24 hours a day. 

Heath Company 
Includes flight 
simulation for 
helicopters, too! 

Benton Harbor, MI 49022 

A subsidiary of Zenith Electronics Corporation_ 

Prices, product availability and specifications are subject to change without notice. 0 1989, Heath Company. 
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New Products over -range indication. To ensure noise, 
free measurements, the unit uses the dual- 
slope integration measurement technique. 
The Model M-4500 digital bench multimeter, 
complete with operator's manual, test leads, 
and built-in battery pack, costs $250.00. 
For more information, contact Elenco Elec 
tronics, Inc., 150 West Carpenter Avenue, 
Wheeling, IL 60090. 
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Boulevard, Corvallis, OR 97330; Tel 800 - 
752-0900, Dept. 164L. 
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sumer Relations, P.O. Box 53, Lubbock, 
TX 79408; Tel. 806-747-1882. 

71 ON FREE INFORMATION CARD 

BENCH MULTIMETER 

Elenco's Model M-4500 is a versatile 4t/2 
digit portable DMM that is suitable for use 
in general electronics maintenance, pro- 
duction, and laboratories. The unit has a 
built-in battery pack that provides 6,000 
hours of continuous operation. 
The DMM features 0.05% DCV accuracy, 
a solid-state LCD display, and push-button 
switch selection. All VOM functions-plus 
the versatile diode test and high-ohm/low- 
ohm test-are included as standard. Each 
range has full auto -polarity operation and 

SCIENTIFIC CALCULATOR 

Hewlett-Packard's HP -20S is a full-func- 
tion scientific calculator that is targeted at 
cost-conscious students or technicians. The 
HP -20S offers the quality, reliability, and 
many features of Hewlett-Packard's more 
sophisticated models. 

Along with the basic functions offered 
by most scientific calculators in its price 
range, the HP -20S features a program li- 
brary with functions that are normally found 
only on higher -priced units-including six 
of the most often used programs for math, 
science, and engineering. 

The HP -20S scientific calculator has a 
suggested retail price of $49.95. For more 
information, contact Hewlett-Packard Com- 
pany, Inquiries Manager, 1000 N.E. Circle 

8mm CAMCORDER 

Yashica's Finemovie 8AF KD -3030 is an 
ultra -compact, auto -focus 8mm camcorder 
that offers recording capabilities for proles 
sional-quality live action and animation. The 
unit measures just 37/8 by 513/16 by 93/4 
inches, and weighs under 3 pounds includ- 
ing a battery pack and an 8mm cassette. 

The unit's 1/l2oo-second high-speed shut - 

-z 
- 

2 3 

Great for the Experimenter! 

ji \ ̂ i 3 
^_ 

Pioneer Laser Disc Player 
1-2 mW Helium -Neon Laser 
Laser Power Supply 
2 Front Surface Mirrors 
Two 1/2' Voice Coil Actuated 
Oscillating Mirrors 

' One Beam Splitter 
Two Optical Lenses 
One Optical Detector 

' Mini Gear Reduction Motor 
All Controlling Electronics 

' Assorted Switches, Fan. Solenoid 
THESE UNITS ARE OEM MODELS AND REQUIRE A COMPUTER CONTROLLER 
(NOT AVAILABLE FROM HALTED). TREY CANNOT aE MANUALLY CONTROLLED, 

"As -is" $99.00 
We stock THOUSANDS of parts! 
IC's, TRAN$1STOPS, MORE... 

CALL! 

Mitsum, UVE -AW 

UHF I VHF 
VARACTOR 

TUNER 

P 

3112'x2"x1/2" 
Pinout on Case 

TWO 
FOR $17.95 

Call the 
Hatted Specialties 
Electronic Forum 

BBS! 
408-732-2814 

$10 MINIMUM ORDER. 
QUANTITIES LIMITED. 

CA RES. ADD SALES TAX. 

HSC Since '631 

RS -232 
BREAKOUT BOX 

Switchable Lines 

LED Indicators 
Patch Terminals & Jurnperr 

Compact Sae 

$29.95'; 
THIS MONTH ONLY' 

AC LtNEDELTEC 
400VVArr 
CONDITIONER 

Ideal for yeII-PGOr 
Any Eliminr S"AG 
Alòise and ReQulate$10 a Cûnstant 120 VAC Repayle Ferroresonant 

Transformer 
+ Ou re Ve 

Case with sower Cord, and Switch/Circuit 
Breaker 

aPOW: 2500W.s 
491aóie 

$149.00 

DISPLAY 
PAGING 
RECEIVER 

Dual Conversan Superhet 450 MHO 

Crystal Denbolled Receiver Modulo 

Twenty Char Alpha -Numeric LED Display 

IASCII Encoded. ANSI Char. Set.) 
ach 

RCA COP 1802 eased e 

Peieoelecmc Beepor 
Vibrating -silent Aloa 

Ussd, Untested lo, 

"A. -Is" 

HSC of Santa Clara 
3500 Ryder Street 
Santa Clara, CA 95051 

Call cºrió 800-4-HAL TED 
Now! Rev%nrs 408-732-1573 
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You got it to work? Good! 
M 100 1 M 

O 
10` 7..._ 10 

V 1 ,..-100 V 
O 
L 

oL 

T T 
S S 

COARSE ADJUST 

NOW MAKE .,IT+;L00K GOOD 

Let DATAK be your designing partner. Use our dry transfer title sets to put 
that finishing touch to your custom project. Over 2200 titles plus alphabets 
and numbers insure that you'll have the words you need. Switch markings 
and dial plate arcs are in a companion set. Use DATAKOAT spray for 
complete protection. Sprays are not mailable. 
948 Blk (949 Wht) 10 pt .105" Electronic Titles (24 sheets) $12.50 
9581 Blk (9591 Wht) 12 pt .125" Electronic Titles (24 sheets) 12.95 
968 Blk, Wht, Red asst. Meter dial & Switch Markings (12 sheets) 12.95 
04177 DATAKOAT Gloss Spray (12 oz) 5.75 
04178 DATAKOAT Matte Spray (12 oz) 5.75 
Minimum order: $20.00 (add 7% shipping. NJ and CA also add sales tax) 

WRITE FOR A FULL CATALOG AND SAMPLES TODAY 
DATAK Corp. 3117 Paterson Plank Rd. N. Bergen, NJ 07047 
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ter (compared to the average camcorder's 
1/6o -second shutter speed) allows the user 

to freeze fast-moving objects without sacri- 

fcing clarity. Action shots feature finely de- 

tailed movements and no blurring. A 6 x 

power -zoom lens can be switched back and 

forth between wide-angle and telephoto 
modes, for more creative recording. In its 

macro mode, the lens can focus on objects 

as close as 1 cm. 
For special effects and animation on time- 

lapse recording, the camcorder features 4 

interval recording modes -30 seconds and 

1, 2, and 5 minutes. When the stand-by 
time is used to set up a shot, the camera 

will automatically record for 1 second and 

then return to stand-by while the next shot 

is set up. Manual frame recording (4 frames 

at a time) is also possible. 
Other features of the 8AF KD -3030 in- 

clude hi-fi sound and a "wind switch" that 

is built into the microphone for low -frequency 

(such as the sound of the wind) noise re- 

duction. The unit's electronic viewfinder is 

designed to swivel up to 110° for optimum 
angle shots. It features an "info center" that 

displays shutter speed, tape remaining, tape 

counter, battery condition, record -light in- 

dicator, and proper date (when date -record- 

ing feature is active). 
The Finemovie 8AF KD -3030 camcor- 

der has a suggested list price of $1,830.00. 
For additional information, contact Yashica 
Inc., 100 Randolph Road, CN 6802, Som- 

erset, NJ 08873. 
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The control center features a loud alarm, 

and has LED's that identify in which zone 

the potential break-in is occurring. The door/ 

window sensors are easy to place at any 

point of entrance. A plug-in module pro- 

vides remote control of lights; when an in- 

trusion takes place, lights flash as the alarm 

sounds. 
The SS -6100 system is expandable to 

16 zones of coverage. For custom applica- 

tions, a full line of accessories is avail- 

able-including extra door/window sen- 

sors, command units, and lamp modules; 

a remote siren/dialer connection; an auto 
(Continued on page 22) 

HOME -SECURITY SYSTEM 

Heath Zenith's SS -6100 is an economical, 
fully expandable, wireless home -security sys- 

tem. The Supervised Home Protection Sys- 

tem is designed for simple installation by 

the user. It includes a control center, a door/ 
window sensor, a lamp module, and a re- 

mote arming and disarming control. 
The system is self -testing; it checks it- 

self regularly to verify that all door/window 
and motion sensors are working. Battery 
back-up ensures that the system stays op- 

erational even in the event of a power fail- 

ure. It automatically learns its own unique 

security codes, so that the user doesn't have 

to program it. 

HITACHI SCOPES AT DISCOUNT PRICES 
. 

V-212 4. DC to 40MHz DC to 100MHz 

(._ 

i ya+ r+º ii '+a $399,+¡. 
- _ 

''-, `.1 

I z'' A 
_ rj 1 

immidninie 

Dual Channel 
CRT Readout 
Cursor Maas 
DC Offset 
Alt Magnifier 

_ .' Dual Channel 
y ç Delayed Sweep 

CRT Readout 
Sweep Time 
Autoranging 

List $560 V-425 $835 
Compact site 

List $995 
V-1060 $1,285 2rnV S L"' ity 
List $1595 

Save $161 

20MHz Dual Trace Oscilloscope 
All Hitachi 9cOpe3 Include probes, schematics 
and Hitachi's 3 guaranty on parts and yearV 
labor. Many accessories available for all 

LIST PRICE SAVE 

v-223 
20MHz 0T. 1mV sans. Delayed Sweep. DC Offset, Vert Mode Trigger $770 3695 575 

422 40MHz D.T.. 1mV send, °C011set Vert Mode Trigger Alt Meg $875 $895 5180 

V 423 40511,D T., Inn/ senº. Delayed Sweep. DC Onset. All Meg $955 $795 3160 

v-660 60MHx OT.. 2mV ºens. Delayed Sweep. CRT Readout $1,195 $990 $205 

1065 10011114 DT . 2mV sens. Delayed Sweep. CRT Readout. Cursor Meas 31,895 $1,670 $225 

V.I I00At00MH, 0 T., Imo se, Delayed Sweep. CRT Readout. DVM. Counter $2,295 $1.995 $300 
150MMx 0 T.. tmV BenR Delayed Sweep, Cursor Meaº, DVM, Counter $3,100 $2.565 9535 scopes. 

ELENCO PRODUCTS 
V 1150 

AT DISCOUNT PRICES 
20MHz Dual Trace Oscilloscope 

$359 
FREE OMM 

with purchase of Scope"" 
35MHz Dual Trace Good to 50MHz 

$495 
MO -125111252 MO -1252 

MO -1251 
3 ` 'N s" CRT 

Built in 
component testar 

SCOPE PROBES 
Pt 65MHz,1x,tOx a19.95 
P-2 100MHz.1x.10x $23.95 
Fns 

1 5;µr j,' High luminance e"CRT 
! i,iL 1mV 

Acceleration p -zi 11j r BKV Acceleration voltage 

ire 1 iiG`71 tone Rise Time 

TV Sync ` 
all scopes wltn 

BNC connector 
% V Operation Axis ßrÌ a. " 1 . Delayed Triggering Sweep 

- - - R %.V Operation 
Top quality scopes at a very reasonable price. Contains all desired features. Two 1x 10x probes, diagrams and manual. Two year guarantee. 

Autoranging OMM I, True RMS 4/ 
migi Digit Multlmeb7 

.05 % DC Accurac 

M-7000 

t %Resistance yLL 
with Frog. Counter 
and deluxe case 

Multlm.t.r with 
iim 

Tran.blor Tester 

$55 CM -1500 

Reads Volts, Ohms, 
nn 11" Current, Capacitors, 

9, Transistors and 
Diodes with case 

Digital Capacitance Meter 

® CM -1550 

$58.95 
Ranges 

1 1.20,000ufdredi 
.5% basic ecc Y 

Zero Control 
' with case 

Digital LCR Meter ® LC -1801 

$125 
Meeºurea 
Cole 11u H-2WM 
Caps p1.200u1 

P ! Res .tit -20M 

M-5000 

$45 

9 Functions 
Memory and 
Data Hold 

basic acc 
3n eigll LCD 

AC Clamp -On 

Current Adapter 

$T"265 

$22 
AC 

Wostswith Works 
most DMM 

Bench DMMS SOLDERING STATION 
TEMPE$TURE CONTROLLED 

SL -30 51351.100 
Digital display 
Temp range 

oueF 
Groundedrheattip JaF Overheat pr°I 

Snideness Breadboards Low Cost Multimeter 

M-1600 

---_ $25 

iiimmon 
115 

94 sit pma S25 

2880 pins $35 
an ha.e color 

3'h digit LCD ® 1% DC AGCY 

10A Scale 

- 

M-3500 Mu'. 

000 5125 a d n $175 
IS, a<cy 05°1° c y 

y r Yr Auto zero _ /polarity 
9436 SHOWN 

coded posts 

Wide Band Signal Generators 3tf Digit Probe Type OMM 

M-1900irF º. 3/ S39 

Function Generator Decide Bin 

ieE ... .518.95 
a96 0 Resistor 
47 ohm to 151 

09620 Capacitor 
47pí to tOMFD 

9610 
r 9620 

Egos 
4 100K pot 

elpx 

3f 
-., j;28 

Provides º ne.l 
From 11-1M to 1MHz 
AM or FM capabohly 

a9Wo>fe 
95 

Cum w eve 

FZESG 

- 
SG 
and 

-9000 5129 
R Freq 100K450M M2 

AM Modulation of 1KHE 

ti Variable RF output 

-9500 with Digital Display 
150MHz built -In Freg Ctr $249 

- 
Convenient one hand opera) o won caner es 
Measures DCV. ACV. Ohms aria case 
Audieie coenudy check. Data hold 

Digital Triple Power Supply XP -765 

$249 

lad Power Supply XP -580 

$59.95 -` z zov at 2A 

10MHz XT 100% IBM"' Compatible 

5 Year $595 
Warranty 

- 
MODEL 

-1000 

- Power upply 
2586 

a Expansion Slots Expandable to 840K 
Co Motherboard RAM 

Math Compressor Slots Monochrome Monitor 
J60K Floppy DriveMonographic Video Gard 

AT Style Keyboard Parelial Primer Port 

FREE spreadsheet and word processor 

3.XXMS DOS and GW Basic add $75 

4M4 í Ab 0.200 at lA 
I4aiswi lu4aly 0-20V at 1A 

5V at 56 
Fully red. Snortcucuil pros tee with.5V 

Cont ec 2 Limn.. 3 separate su P011es 

XP -660 with Analog Meters S175 

L _.___ 12V at to 
V 

Fully regulated and 5V at 3A 
a - 

at 5A 
short circuit protected 

XP -575 without meters 539.95 

Four -Function Frequency Counters 

F-1000 1.2GH 

12gMM F-100 

$179 Frequency, Period, Totaliide 
Sell Check with High Stabilized Crystal Oven 
Oscillator. a digit LED display 

GF -8016 Function Generator 
with Freq. Counter 

$239 
Sine. SOuele, Triangle 
Pulse. Ramp, .2 to 2MHZ 
Freq Counter 1 10MHz 

GF -8015 wtthout Freq. Meter 5179 

WE WILL NOT BE UNDERSOLD! 
UPS Shipping: US 5% 
($10 Maxi IL Res., 7% Tax 

( 
15 Day Money Back Guarantee C & S SALES INC 2 Year 

1245 Rosewood Deerfield, 11. 60015 Warranty 
(800) 292-7711 (312) 541-0710 WRITE FOR FREE CATALOG 
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11:2 Electronics and 
Control Engineers' 

Club® 
BUCHSBAUM'S COMPLETE HAND- 
BOOK OF PRACTICAL ELECTRONIC 
REFERENCE DATA, Third Ed. By 
W.H. Buchsbaum, revised by R.C. Genn, 
Jr. 635 pp., 357 illus. 8 tables. This best- 
selling reference is invaluable for 
engineers whose work involves going 
outside their own area of expertise. Cover- 
age includes digital logic; optoelectronics; 
antennas and transmission lines; RF and 
microwave fundamentals; communica- 
tions sytems; television systems; com- 
puters; radio; recording; and more. 
583880-X Pub. Pr., $34.95 Club Pr. $26.50 

PRINTED CIRCUITS HANDBOOK, 
Third Edition. By C.F. Coombs, Jr. 960 
pp., 556 illus. Here in one handy volume 
is all the information you need to design, 
manufacture, test, and repair printed wir- 
ing boards and assemblies. This new 
edition features ten all -new chapters, 
including three on SMT. 
126/097 Pub. Pr., $59.50 Club Pr., $45.50 

32 -BIT MICROPROCESSORS. Edited 
by H. J. Mitchell, 248 pp., 104 illus. and 
tables. A complete survey of the architec- 
ture, operation, and applications of to- 
day's most important new devices from 
AT&T, Inmos, Intel, and Motorola. 
425/85X Pub. Pr., 545.00 Club Pr., 535.00 

MICROWAVE AMPLIFIERS AND OS- 
CILLATORS. By C. Gentili. 150 pp., 79 
illus. A thorough, practical introduction to 
the theory and design of microwave ampli- 
fiers and oscillators, with coverage of the 
scattering matrix, the gallium arsenide 
field-effect transistor, and microstrip 
technology. 
229/953 Pub. Pr., $34.95 Club Pr., $27.95 

COMMUNICATIONS RECEIVERS: 
Principles and Design. By Ulrich L. 
Rohde and T.T.N. Bucher, 608 pp., 402 
illus. Everything you need to know if you 
design or work with communications 
receivers, from theory to practical design 
approaches. Coverage includes all types 
of receivers: shortwave, broadcast, radar, 
military, marine, aeronautical, and more. 
535/701 Pub. Pr., $59.50 Club Pr., $44.50 

your one source for engineering books 
from over 100 different publishers 
the latest and best information in your field 
discounts of up to 40% off 
publishers' list prices 

New Members! 
Take any one of these great 

professional 
books $289 

for only 
as a premium with your 

first selection! 

Spectacular values up to $99.90 
ENGINEERING FUNDAMENTALS 
FOR THE PROFESSIONAL 
ENGINEERS' EXAM, Third Ed. By L. 
M. Polentz. 432 pp., 170 illus. Features 
worked -out solutions and full explana- 
tions for all sample problems so you can 
learn how to solve them. It's a dependable 
way to prepare for the exam or a perfect 
on-the-job reference. 
503/931 Pub. Pr., $36.50 Club Pr., $27.95 

HANDBOOK OF 
ELECTRONICS 
TABLES AND 
FORMULAS 
Sixth Edition 
256 pages, illustrated. 583804-4 
Up-to-date mathematical tables and 
electronic formulas in a convenient 
desk reference that you'll find indis- 
pensable. Included are basic formulas, 
constants, government industry stan- 
dards. symbols and codes, service 
data, and more. The handbook also 
has new sections describing how to do 
your calculations on a computer, and 
complete computer programs. 
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A $19.95 
Value - Yours 
ABSOLUTELY 

FREE 
when you join! 

AUTOMATIC CONTROL SYSTEMS, 
Fifth Ed. By B. C. Kuo. 736 pp., illus. 
Provides an overview of automatic control 
systems, including in-depth coverage of 
classical control techniques, optimal con- 
trol theory, and analog and digital control 
system design. This up -dated edition 
discusses the latest ideas on the use of 
computers to design control systems and 
as components of such systems. 
583706-4 Pub. Pr., 551.00 Club Pr., $36.95 

OP -AMP HANDBOOK, Second Ed. 
By F W. Hughes. 320 pp., 231 illus. 
Organized for on-the-job reference, this 
handbook covers all facets of op -amps, 
from stability and protection to signal 
processing using op -amps. Includes a 
collection of over 60 practical circuits for a 
variety of applications, procedures, and 
experiments. 
583651-3 Pub. Pr., 539.00 Club Pr., $27.50 

HANDBOOK FOR SOUND 
ENGINEERS: The New Audio 
Cyclopedia. Edited by G. Ballou. 1,247 
pp., over 1,200 illus. This giant handbook 
gives you truly comprehensive coverage 
of sound - and the methods of produc- 
ing, reproducing, controlling, changing, 
reinforcing, and measuring it. 
583913-X Pub. Pr., $79.95 Club Pr., 555.95 

ESSENTIAL CIRCUITS REFERENCE 
GUIDE. By J. Markus & C. Weston. 528 
pp., illus. Collects into one convenient 
volume more than 1,000 ready -to -use 
circuit diagrams for today's electronics 
applications. Now you can have the circuit 
you need in a matter of seconds - without 
having to reinvent the wheel. 
404/623 Pub. Pr., $59.50 Club Pr., $47.50 

CIRCUIT DESIGN FOR ELECTRONIC 
INSTRUMENTATION: Analog and 
Digital Devices from Sensor to 
Display, Second Ed. By D. Wobschall. 
400 pp., 365 illus. Brings you the entire 
process of circuit design in a comprehen- 
sive, easy -to -follow format. This new 
edition reflects the latest in IC technology, 
including CMOS and ECL devices. 
712/31X Pub. Pr., $49.50 Club Pr., $36.95 

AMERICAN ELECTRICIANS' HAND- 
BOOK, Eleventh Ed. By T. Croft and 
W. Summers. 1,824 pp., 1,560 illus. This 
newly updated handbook shows you how 
to select, install, maintain, and operate all 
the latest electrical equipment and wiring. 
It includes the most recent code require- 
ments, basic formulas, and a wealth of 
circuit diagrams and illustrations. 
139/326 Pub. Pr., $64.50 Club Pr., $49.50 

MICROELECTRONICS, Second Ed. 
By J. Millman and A. Grabel. 1,001 pp., 
646 illus. Takes you from the basics of 
semiconductor properties to an under- 
standing of the operation of solid-state 
devices, and then to more advanced 
topics. Its up-to-date coverage, real -life 
examples, and practical data make this an 
ideal reference for the working engineer. 
423/30X Pub. Pr., 551.95 Club Pr., $41.50 

ENGINEERING MATHEMATICS 
HANDBOOK, Third Ed. By J. J. Tuma. 
512 pp., illus. This best-selling handbook 
gives you the essential mathematical 
tools -formulas, definitions, theorems, ta- 
bles, and models for computerprogram- 
ming - that you need for your day-to-day 
engineering calculations. 
654/433 Pub. Pr., $46.50 Club Pr., $34.50 
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BASIC TELEVISION AND VIDEO SYS- 
TEMS, Fifth Ed. By B. Grob. 592 pp., 
illus. Provides the clearest picture of how 
television and video systems work, and 
what to do when they don't. Covers 
television receivers, VCR's, video cam- 
eras, and cable systems - all in readable, 
practical detail. 
249/334 Pub. Pr., $34.95 Club Pr., $24.95 

ANALOG ELECTRONIC CIRCUITS. By 
G M. Glasford. 480 pp., 350 illus. Gives 
you the detailed information and equa- 
tions you need to create and analyze top 
quality circuit designs or effectively utilize 
the designs of others. 
583768-4 Pub. Pr., $55 00 Club Pr., $39.50 

f 

HANDBOOK OF ELECTRONIC NOISE 
MEASUREMENT AND TECH- 
NOLOGY, Second Ed. By C. A. Ver- 
gers. 440 pp., 213 illus. Provides answers 
to all your questions about noise origins, 
causes, effects. Also shows you how to 
predict and measure noise, and how to 
design low -noise circuits. 
583947-4 Pub. Pr., $39.95 Club Pr., $29.95 

SWITCHGEAR AND CONTROL 
HANDBOOK, Second Ed. Edited by 
R. W. Smeaton. 1,056 pp., 789 illus. The 

only handbook that treats all aspects of 
switchgear control, including design, ap- 
plications, safety, and maintenance. Up- 
dated to reflect the changes brought about 
by the use of computers, solid-state 
devices, and programmable controls. 
584/494 Pub. Pr., $75.00 Club Pr., $56.95 
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ANTENNA APPLICATIONS REFER- 
ENCE GUIDE. Edited by R. C. Johnson 
and H. Jasik. 496 pp., 368 illus. and 
tables. Covers the major applications of 
antenna technology in all areas of commu- 
nications and their design methods. Em- 
phasizes important new applications such 
as earth station, satellite, seeker, aircraft, 
and microwave -relay antennas. 
322/848 Pub. Pr., $53.95 Club Pr., $42.50 

MICROCOMPUTER DESIGN. By M. 
Hordeski. 406 pp., illus. Emphasizes the 
most current, cost effective methods for 
developing, debugging and testing all 
types of microprocessor products, in- 
cluding software and hardware. 
583683-1 Pub. Pr., $43.00 Club Pr., $29.95 

BOB MIDDLETON'S HANDBOOK OF 
ELECTRONIC TIME-SAVERS AND 
SHORTCUTS. By R.G. Middleton. 378 
pp., illus., soltbound. Packed with little- 
known tricks of the trade and brand-new 
techniques, this popular handbook makes 
it easier than ever to troubleshoot radio, 
TV, audio equipment, CCTV, and more. 
583865-6 Pub. Pr., $29.95 Club Pr., $22.50 

Here's how the Club works to 
serve YOU: 

IMPORTANT INFORMATION ...WE MAKE IT EASY TO GET! 
In our rapidly changing world, those who perform best are those who are best 
informed. Designed exclusively for the practicing engineer, the Electronics and 
Control Engineers' Book Club provides you with information that is relevant, 
reliable, and specific enough to meet your needs. Each Club bulletin comes your 
way 14-16 times a year and offers you more than 30 books to choose from - the 
best and newest books from all publishers! 

DEPENDABLE SERVICE...WE'RE HERE TO HELP! 
Whether you want information about a book or have a question about your 
membership, our qualified staff is here to help. Just call us toll free or write to our 
Customer Service. We also make sure you get only the books you want. All you do 
is simply tell us your choice on the Reply Card and return it to us by the specified 
date. If you want the Main Selection, do nothing - it will be sent to you 
automatically. IA small shipping and handling charge is added to each shipment.) 

CLUB CONVENIENCE ...WE DO THE WORK! 
Beyond the benefit of timely information, Club membership offers many other 
benefits. For example, you get a wide choice of books that cannot be matched by 
any bookstore - anywhere. And all your books are conveniently delivered right to 
your door. You also get the luxury of 10 full days to decide whether you want the 
Main Selection. If you should ever receive a Main Selection you don't want because 
the Club bulletin came late, just return it for credit at our expense. 

SUBSTANTIAL SAVINGS ...AND A BONUS PROGRAM TOO! 
In keeping with our goal to provide you with the best information at the greatest 
possible savings, you will enjoy substantial discounts - up to 40% ! - on every book 
you buy. Plus ,you're automatically eligible for our Bonus Book Plan which allows 
you savings up to 70% on a wide selection of books. 

EASY MEMBERSHIP TERMS ...IT'S WORTHWHILE TO BELONG! 
Your only obligation is to purchase one more book - at a handsome discount - 
during the next 12 months, after which you enjoy the benefits of membership with 
no further obligation. Either you or the Club may cancel membership anytime 
thereafter. 

Be sure to 
consider these 
important 
titles as well! 

INTRODUCTION TO RADAR SYSTEMS. 
Second Ed. By M. I. Skolnik. 
579/891 Pub. Pr., $52.95 Club Pr., $42.50 

ELECTRONIC TEST EQUIPMENT: PrinCi- 
pies and Applications. By T.J. Byers. 
095/221 Pub. Pr., 239.95 Club Pr., $29.95 

OPERATIONAL AMPLIFIERS AND LINEAR 
INTEGRATED CIRCUITS, Third Ed. By R. F. 

Coughlin and F E Driscoll 
583754-4 Pub. Pr., 540.00 Club Pr., $25.95 

MCGRAW-HILL'S NATIONAL ELECTRICAL 
CODE HANDBOOK, 19th Ed. By J. F. 

McPartland. 
457/077 Pub. Pr., 542.50 Club Pr., $31.95 

HANDBOOK OF ELECTRONICS CALCULA- 
TIONS FOR ENGINEERS AND TECHNI- 
CIANS, Second Ed. Edited by M. Kaufman & 

A. H. Seidman. 
335/281 Pub. Pr., $49.50 Club Pr., $37.50 

PROBABILITY, SIGNALS, NOISE. By J. 

Dupraz. 
183/389 Pub. Pr., $43.95 Club Pr., 534.95 

POWER GENERATION CALCULATIONS 
REFERENCE GUIDE. By T. G. Hicks. 
288/283 Pub. Pr., $36.50 Club Pr., $27.50 

HUMAN FACTORS REFERENCE GUIDE 
FOR ELECTRONICS AND COMPUTER 
PROFESSIONALS. By W. E. Woodson. 
717/684 Pub. Pr., 535.95 Club Pr., 529.50 

REFERENCE DATA FOR ENGINEERS: Ra- 
dio, Electronics, Computer, and Com- 
munications, Seventh Ed. Edited by E. C. 

Jordan 
583619-X Pub. Pr., $39.95 Club Pr., $49.95 

THE LASER GUIDEBOOK. By J. Hecht. 
277/338 Pub. Pr., 552.95 Club Pr., 541.50 

FOR FASTER SERVICE IN ENROLLING 
CALL TOLL -FREE 1-800-2-MCGRAW -. MAIL THIS COUPON TODAY .--. r-- 

McGraw-Hill Book Clubs 
Electronics and Control Engineers' 
Book Club® 
P.O. Box 582, Hightstown, NJ 08520-9959 

Please enroll me as a member and send me the two 
books indicated, plus the HANDBOOK OF ELEC- 
TRONIC TABLES AND FORMULAS. I am to receive one 
book for just $2.89, the other at the discounted 
member's price, plus local tax, shipping and handling 
charges. I agree to purchase a minimum of one 
additional book during my first year of membership as 
outlined under the Club plan described in this ad. I 

understand that a shipping and handling charge is 
added to all shipments. 

L 

Your FREE Handbook 

583804-4 

Write Code No. of the 
$2.89 selection here 

Write Code No. for the 
First selection here 

Signature 

Name 

Address/Apt # 

City 

State Zip 

This order subject to acceptance by McGraw-Hill. All 
prices subject to change without notice. Offer good 
only to new members. Foreign member acceptance 
subject to special conditions. 

- 1 

E34031 
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New Products 
(Continued from page 17) 

dialer; motion sensors; and a remote dimmer/ 
controller. 

The SS -6100 Supervised Home Protec- 
tion System has a suggested retail price 
of $99.95. For additional information, con- 
tact Heath Zenith Consumer Products 
Group, Hilltop Road, St. Joseph, MI 49085. 

CIRCLE 74 ON FREE INFORMATION CARD 

TELEPHONE ANSWERING SYSTEMS 

Code -A -Phone's Models 1610 and 1620 
telephone answering systems are targeted 
to residential consumers who are looking 
for durability, affordability, and ease of op- 
eration. Both systems offer contemporary 
styling and several convenience features. 

The one -touch message -playback fea- 
ture plays messages and resets the unit 
to receive new messages, all at the push 
of a single button. The systems can be re- 
motely activated from any tone phone. 
"Power fail protection" preserves both the 

outgoing announcement and recorded in- 
coming messages from power surges as 
well as power outages. Call -screening al- 
lows the user to listen to a caller before 
picking up the phone, to avoid unwanted 
calls. 

Models 1620 (pictured) also offers 6 re- 
mote commands, including message repeat 
and message save or cancel. A personal 
security code is used to access all remote 
functions. 

The Model 1610 and 1620 cost $69.95 
and $79.95, respectively. For more infor- 
mation, contact Code -A -Phone Corporation, 
16261 S.E. 130th, Clackamas, OR 97015. 

CIRCLE 66 ON FREE INFORMATION CARD 

termine patterns, and screen for radon gas 
in your home. The unit is available fully 
assembled, or in kit form for experienced 
kit builders. 

The Radalert is a hand-held unit that de- 
tects Alpha, Beta, Gamma, and X-rays. Its 
digital LCD display can show counts -per - 
minute or accumulated counts, and the 
audio alarm features an adjustable alert 

level. The unit can be interfaced to a com- 
puter for recording monitored levels, or to 
an external warning device. The Geiger- 
tube radiation detector is sensitive enough 
to measure radiation from uranium -oxide 
pottery glazes, old radium -dial clocks and 
watches, gas camping -lantern mantles, and 
rock collections. The Radalert is powered 
by a 9 -volt battery; a jack is provided for 
an optional AC adapter. 

The Radalert, fully assembled, costs 
$275.00; in kit form, it costs $185.00. (There 
is also a shipping charge of $4.00.) For 
further information, contact International Med- 
corn, 7497 Kennedy Road, Sebastapol, CA 
95472; MasterCard and Visa orders only, 
call 800-257-3825 (800-255-3825 in CA). 

CIRCLE 69 ON FREE INFORMATION CARD 

RADIATION MONITOR 

There's been a lot of talk lately about the 
dangers that radon gas, and other forms 
of radiation, present to peoples' health. With 
International Medcom's Radalert, you can 
easily test radiation levels, monitor changes 
in those levels, detect radiation leaks, de - 

CAR AMPLIFIER 

Coustic's AMP -105A is an entry-level, 4 - 
channel automotive amplifier that is de- 
signed to provide a low-cost upgrade for 
standard car -audio equipment. 

The AMP -105A can drive both front and 
rear speakers at up to 45 -watts per chan- 
nel. It drives as little as 2 -ohms, or as many 
as eight 4 -ohm speakers. The amplifier has 
an independent subwoofer output that of- 
fers selectable 12 -dB -per -octave low-pass 
electronic crossover capabilities for addi- 
tional bass, eliminating the need for a sepa- 
rate electronic crossover. To ensure excel- 
lent high- and low -frequency responses, the 
AMP -105A uses BTL-type output circuitry. 

Other features include high/low-impedance 
input, a parallel -input switch, adjustable in- 
put sensitivity for overall system gain, and 
floating/common-ground input isolation. 

The AMP -105A 4 -channel, automotive - 
audio power amplifier has a suggested list 
price of $179 95. For additional informa- 
tion, contact Coustic, 4260 Charter St., Ver- 
non, CA 90058-2596. 

CIRCLE 68 ON FREE INFORMATION CARD 

OMNIDIRECTIONAL FM ANTENNA 

Terk Technologies' FM + is a nearly flat, 
square -shaped omnidirectional antenna. Us- 
ing "Gamma Loop" technology, the FM + 
makes clear FM sound easily affordable, 
in a uniquely styled antenna. A smooth, 
thin, 5 -inch black square that fits neatly into 
virtually any shelf space, its industrial/ 

geometric design and sleek dimensions give 
it a high-tech look. 

The FM + omnidirectional antenna costs 
$19.95. For further information, contact Terk 
Technologies Corporation, 56 Harrison St., 
New Rochelle, NY 10801. 

CIRCLE 67 ON FREE INFORMATION CARD 

NOISE SUPPRESSORS 

Clarion's noise suppressors, part of their 
new line of car -stereo accessories, were 
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Put Professional Knowledge and a 

developed to eliminate alternator noise. 
Three models are offered; each is designed 
for a different current rating. The NS -7, with 
8 -amps capability, is intended for use with 
Clarion head unis. The 15 -amp NS -15 is 

designed for Clarion's EQ and BTL amplifi 

ers, and the NS -40, with 40 -amp capabil- 
ity, is for use with high-powered amplifiers. 

The NS -7, NS -15, and NS -40 noise sup- 
pressors cost $10.95, $13.95, and $23.95, 
respectively. For more information, contact 
Clarion Corporation of America, Sales De- 

partment, 5500 Rosecrans, Lawndale, CA 
90260. 

CIRCLE 80 ON FREE INFORMATION CARD 

report, giving users a complete record of 

fax transactions. 
The FaxPhone 15 has a suggested re- 

tail price of $1,695.00; the carrying case 
costs $70.00. For more information, con- 
tact Canon U.S.A., Inc., One Canon Plaza, 

Lake Success, NY 11042. 

CIRCLE 64 ON FREE INFORMATION CARD 

PHONE/FAX COMBO 

Canon's FaxPhone 15 combines sophisti- 
cated telephone and facsimile -machine 
(Fax) features in one compact, lightweight 
unit. Designed for both corporate- and home - 

office use, its convenience features include 
one -touch speed dialing to as many as 12 

locations, last -number redialing, on -hook di- 

aling, hold, and a monitor speaker with vol- 

ume control. 
The sleek, black Fax Phone 15 weighs 

only 8.4 pounds and measures 121/16 x 
107/6 x 411/16 inches. Easily transportable, 

it is hooked up by simply plugging it into 

a standard modular phone jack and an elec- 

trical wall ourlet. An optional carrying case 
is available. 

The unit is G3 compatible, and can send 
a letter in only 30 seconds at 9,600 bps. 
Transmission is facilitated by the FaxPhone 
15's automatic 5 -page document feeder, 
fine mode, and automatic background con- 
trol and reception. After each transmission, 
the unit automatically generates an activity 

DIGITAL STORAGE OSCILLOSCOPE 

The Philips PM 3308 from John Fluke Mfg. 
Co. is a 100 -MHz digital storage oscillo- 
scope with an electroluminescent (EL) 

screen. With its "clam -shell" design (the 
screen flips up to open and snaps down 
to close) and a shoulder strap, the 14.5 - 

pound scope is designed for field -service 
and -maintenance work. The unit features 
a powerful mass -storage memory and an 

array or arithmetic and analysis facilities, 
making üt possible to make laboratory power - 

measurements and analyses out in the field. 

The PM 3308's battery -backed, 180K 
RAMdiisk's non-volatile memory can store 
up to 100 waveforms and/or setup menus. 
That reduces the risk of losing field -service 
data by eliminating the need for external, 
often wulnerable, mass -storage devices. Be- 

cause of the scope's versatile measure- 
ment and calculation functions, it can re- 
place a conventional scope, a DMM, and 
a counter in many service applications. 

For ease of operation, the PM 3308 
offers "Autoset," which provides instant 
front -panel setting of any input signal 
through the frequency range. The unit has 
two input channels, along with a third ex- 
tended trigger input. The 100 -MHz scope 
has -3 maximum 40-MS/s sampling rate 

on one channel, and an 8 -kilobyte acqui- 
sition memory. GPIB and RS232 interfaces 
are standard. 

The Philips PM 3308 digital storage os- 

cilloscope has a suggested U.S. list price 

of $7,500.00. For further information, con- 
tact John Fluke Mfg. Co., Inc., P.O. Box 

C-9090, Everett, WA 98206; Tel. 800-443- 
5853, ext. 77. 

CIRCLE 65 ON FREE INFORMATION CARD 

COLLEGE DEGREE 
in your Technical Career through 

HOME 
STUDY ` 

> 

Add prestige and earning power to 
your technical career by earning 
your Associate or Bachelor degree 
through directed home study. 

Grantham College of Engineering 
awards accredited degrees in 

electronics and computers. 

An important part of being pre- 
pared to move up is holding the 
right college degree, and the abso- 
lutely necessary part is knowing 
your field. Grantham can help you 
both ways to learn more and to 
earn your degree in the process. 

Grantham offers two degree pro- 
grams one with major emphasis 
in electronics, the other with major 
emphasis in computers. Associate 
and bachelor degrees are awarded 
in each program, and both pro- 
grams are available completely 
by correspondence. 

No commuting to class. Study at 
your own pace, while continuing 
on your present job. Learn from 
easy -to -understand lessons, with 
help from your Grantham instruc- 
tors when you need it. 

Write for our free catalog (see ad- 
dress below) or telephone us at 
(213) 493-4421 (no collect calls) 
and ask for our "degree catalog." 

Accredited by 
the Accrediting Commission of the 

National Home Study Council 

GRANTHAM 
College of Engineering fz 

10570 Humbolt Street 
Los Alamitos, CA 90720 
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WHAT DO ELECTRONICS EDITORS TALK ABOUT? 

'f you've got the idea that in an elec- 
tronics publishing office the editors 

walk around with somber faces saying 
things like "The frequency at reso- 
nance equals one over two pi (it) the 
square root of LC," you're sadly mis- 
taken. We're only human, so (like your- 
self) we talk football and baseball 
(depending on the season), working 
on articles, manuscripts, layouts, 
proofreading and such. 

In other words, it isn't often we all get 
involved in deep technical discus- 
sions, but it happened yesterday. In 
retrospect, it all seems kind of silly. The 
question that arose concerned such a 
basic function in electronics, some- 
thing all of us took for granted, but the 
arguments on both sides seemed per- 
fectly rational. I thought I might share it 
with you. 

If you have six 5% tolerance resistors 
connected in series, what will the total 
tolerance be? Will it remain 5%? Will it 
be 30%? Or will it be some other figure 
computed by logarithmic functions? 
After a great deal of discussion, draw- 
ing of diagrams, we finally agreed. I'll 
give you the answer we arrived at, and 
how we reached it, at the end of this 
column. But what amused me, was the 
fact that everybody got into the act, 
arguing back and forth for almost a 
day. 

Sl -a 
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By Byron G. Wels 

This month, we're going to look at 
some more reader contributions that 
we felt were worthy of a free copy of 
the FIPS book. Now understand that all 
you're going to learn from that book is 

what a fantastic electronics writer 
Hugo Gernsback was, and how much 
it hurts when you laugh so hard you've 
got to hold your sides! 

Out to Launch. By, I got into the 
model -rocketry hobby several years 
ago, and have built many solid -fuel, 
model rockets since. The fuel is ignited 
by a fuse wire powered by a lantern 
battery. For safety's sake, I made a sim- 
ple remote launcher that could be 
placed close to the launch pad to 
eliminate long runs of heavy -gauge 
wire from the battery. 

See Fig. 1. The components are all 
available from Radio Shack, and the 
retail cost is about $10.00. Simply 
place the launcher near the pad and 
connect the circuit via alligator clips to 
the fuse. Throwing the toggle switch 
(S1) causes capacitor C2 (a 300-µF 
unit) to charge through the 1-megohm 
resistor R1. 

After about 15 seconds, the charge 
on C2 is sufficient to trigger SCR1 into 
conduction, which in turn activates re- 
lay K1 (a Radio Shack 275-240 unit). 
With K1 activated power is applied to 

K1 

5V 

RELAY 

SCR2 

IA 
50V 

Fig. L. The rocket launcher is a rather simple circuit, whose operation is almost solely 
dependant on two SCRs and a relay. 

the fuse wire and M (a No. 47 incandes- 
cent lamp), causing the lamp to come 
on. I used the lamp instead of an LED 
because it is more visible in sunlight. 

When the relay closes, C1 (a 100-1.1F 

capacitor) charges through R3, a 
330K resistor. After a six -second burn, 
the SCR conducts, transistor QI turns 
on, and the relay drops out. About 15 
mA flows through the SCR until the tog- 
gle switch is turned off. 

You can alter the time constants if 
you like, but the values given here 
have provided nearly flawless 
launches while the "rocket scientists" 
stood a safe distance away. The circuit 
was assembled in a plastic box and 
mounted to the terminals of a heavy- 
duty lantern battery. 

-William E. Lahr, Compton, CA. 
Good project Bill! For your next proj- 

ect: How about a radio -controlled 
launcher that needs no wire connec- 
tions? Do that up, and you'll have two 
Fips books. 

Bomb Detector. Okay Byron, you 
wanted simple circuits. Let me explain 
the following and how it came to be. 
Quite a few years ago in the city of 
Berkeley, police cars were being 
blown up all over the place, and the 
cops took to checking under the 
hoods before getting into their cars! I 

came up with this circuit, but was too 
shy to offer it to them. 

Refer to Fig. 2. While the circuit itself 
does not detect explosives, it will give 
some indication of whether your vehi- 
cle has been tampered with. Switch S1 

is a normally -closed pushbutton type 
switch, whose contacts are opened 
when the switch is depressed. Switch S1 

is placed under the hood, so that it is 
depressed by the hood when closed. 

When the hood is opened, S1's con- 
tacts close applying a gate -trigger 
voltage to SCRI, causing it to conduct. 
It continues to conduct, even after the 
hood is re -closed. With SCRI con- 
ducting, a 14 -volt lamp in a pilot -lamp 
socket comes on and can only be 
turned off after the reset switch (S2) is 
pressed. All the driver has to do when 
coming back to his car, is glance at 
the lamp. If the lamp is lit, he knows the 
car has been tampered with. Now 
how's that for a simple circuit? 

-Frank J. Steffanelli, El Cerrito, CA 
That's a cute idea, Frank. And it has 

several other worthwhile applications 
as well. With no modification, for ex- 
ample, it can be used as a tamper 
switch elsewhere. How about rigging it 
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Fig. 2. This circuit uses an SCR, two 
pushbutton switches, and an incandescent 
lamp to indicate whether your vehicle 
has been tampered with. 

to a telephone handset so that you 
can tell if your phone has been used 
while you were out? Or on a desk 
drawer? Great idea, and thanks for 
your contribution. Hope you enjoy the 
Fips book. 

Battery Offer Our next circuit, a au- 
tomatic -shutoff switch for battery - 
powered projects, was sent in by Dave 
Zabinski. Judging from the schematic 
diagram, the finished circuit is cer- 
tainly small enough to fit space in al- 
most any encbsure. 

As can be seen in Fig. 3, when S1 (a 
normally -open, momentary -contact 
pushbutton switch) is depressed, C1 

begins to charge to the supply volt- 
age. That places a forward bias on the 
gate of Q1(a VN10KM power MOSFET), 

turning it on and supplying current to 
the load resistor (RL). 

When the charge on CI leaks off, the 
transistor shuts off, cutting off current to 
the load. That load could be anything 
from a transistor radio to a child's toy. 

Transistor Q1 (available from Radio 
Shack as part No. 276-2070) is rated at 
0.5 -amps at 60 -volts DC. For heftier 

Fig. 3. In this circuit, an FET along with 
a capacitor is used as an automatic cut- 
off, electronic switch. 

loads, substitute an IRF511 (Radio 
Shack part No. 276-2072). That would 
supply up to 3 -amps at 60 -volts DC. 

Surprsingly long delays can be ob- 
tained with low capacitance values. 
With a supply voltage of 9 -volts DC 

and with C1 rated at 0.22 µF, a delay of 
about one minute is produced and 
with C1 rated at 1.0 µF, you should get 
about an hour. The normally -open 
pushbutton switch replaces the on/off 
switch of the device, and optionally, 
another normally -open pushbutton 
switch could be added in parallel as a 

shut-off before the timing cycle is com- 
pleted. 

I hope this earns me a copy of the 
Fips book. 

-David R. Zabinski, Apollo, PA 

Are you kidding Dave? It sure does! 
I'd like also to say that if you're dealing 
with battery -powered projects that use 

a 9 -volt transistor -radio battery, and 
plan this as a permanent installation, it 
would be a good idea to remove that 
first pushbutton switch, and instead 
wire up a battery connector output 
that could be snapped in series with 
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SHORTWAVE 

RADIO 
BOuKS 

Discover 
one of most 
incredible collections of 
electricity and electron- 
ics books to come along 
in years. You'll find scores 
of high quality new books 
and reprints of rare old 
books on building and 
collecting old time radios 
including spark -gap 
transmitters, crystal sets, 
regenerative and other 
antique receivers, early 
telephony and television, 
and more! 

Tesla Coils! 
Build Tesla coils, induction coils, Wimshurst 
and other lightning bolt generators! Rewind 
and repair motors! Desigp and build electri- 
cal generators! Get high power from auto al- 
ternators! You'll find quality books on these 
topics and much more! 

You'll find plans and info on all types of 
unusual equipment from lasers to century - 
old induction coils! Build equipment your 
friends haven't even heard oil 

Fringe 
Science! 
You'll even discover a 
strange collection of 
books on "Fringe Sci- 
ence" - lost continents. 
perpetual motion, un- 
usual phenomena recorded throughout the 
centuries, and much more. Explore the 
strange world that lies between fact & fiction! 

New Catalog! 
Write for your copy of 
Lindsay's new Electrical 
Books catalog and see for 
yourself what you've been 
missing! Send $1.00 (US 
& Canada) or $3.00 for- 
eign airmail. We'll send 
your catalog immediately! 
Write today! 

rLindsay' s Electrical Books ' PO Box 12-WF5, Bradley IL 60915 
Enclosed is $1.00. Send me a copy of 
Lindsay's Electrical Books catalog via first 
class mall! 
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THINK TANK 

the circuit's battery supply line, since 
most on/off switches connect directly 
to the supply. 

Lights -On Warning. "Hi Byron!" Writes 
Fred Blechman. "Why make a lights -on 
warning device that takes oodles of 
parts and costs a small fortune, when 
you can accomplish the same feat 
with a simple $2.99 part?" 

Figure 4 shows a circuit that uses a 
Radio Shack solid-state buzzer (Radio 
Shack part No. 273-060), a 4.7 -kHz 
piezo unit. Simply connect the red 
lead of the buzzer to the light fuse, and 
the black lead to the radio fuse. That's 
about it! 

When both the lights and ignition or 
some accessory are on, there is no 
voltage drop across the buzzer, and 
therefore no current through it, so the 
unit remains mute. When the lights are 
on and the ignition or accessory is off, 
battery voltage will seek ground 
through the radio circuit, sounding a 
warning. 

Since the buzzer is a solid-state de- 
vice and is polarity sensitive, no diode 
protection is required if the ignition 
and lights are off, but it's a good idea. 
The 1N4001 diode shown offers some 
degree of protection. If you like, you 
could substitute a 12 -volt DC buzzer, 
but in that case, make sure you use the 
diode. 

-Fred Blechman, Canoga Park, 
CA 

I'd like our readers to know that 
Fred's name is not unknown to me, nor 
to many electronics hobbyists. He is a 
long-time writer and editor in the elec- 
tronics field, and a good friend to us 

+12V 

IGNITION 
OR 

ACCESS 

all. Thank you for the submission, Fred. 
Usually, I like to make some comment 
on a submitted circuit, but yours is so 
simple and direct that no more need 
be said! 

Two -for -One Sale! Tim Swogger 
writes: This circuit can be used to 
charge an auxilliary battery in your 
camper or trailer as you drive along 
the road. (See Fig. 5A.) The 9 -volt Zener 
diode passes voltages above nine 
volts. When the automobile -battery 
voltage reaches about 13 volts, the re- 
lay is energized connecting the car's 
battery and charging system to the 
auxiliary battery through the taillight 
wiring. By the simple expedient of turn- 
ing on the taillights as you drive, you 
charge the auxiliary battery system, 
provided that you don't allow it to dis- 
charge too much in the first place. 
Turning the parking lights off com- 
pletely disconnects the auxiliary bat- 
tery from the car's battery. 

Then for a bonus, Tim tosses in an- 
other quickie: Tired of changing the 
iffy -bitty light bulbs in your front door- 
bell switch? It seems they go after 
about a month or Iwo, and I solved the 
problem handily by using a yellow 
LED. (See Fig. 5B.) You've also got to 
add a 100 -ohm limiting resistor in series 
with the LED. It is invisible in daylight, 
but at night it gives off a soft, warm 
glow. Just connect it across the termi- 
nal screws (with the resistor). 

-Tim Swogger, Sharon, PA 
Incidently readers, all of the compo- 

nents are available at your local Ra- 
dio Shack store. 

Another Lights -On Reminder. It 
seems that these ideas are self -gener- 
ating! Run one story on a lights -on re - 

LIGHT 
FUSE 

RADIO 

+12v . CE O 
FUSS_ 

LIGHTS 
IGNITION 

OR ACCESS 
BUZZER 

at ON ON OFF 

® ON OFF ON 

® OFF ON OFF 

® OFF OFF OFF 

Fig. 4. With the addition of two components, your auto is able to tell you when you've 
left the car's lights on. 
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Fig. 5. The circuit in A allows you to 
charge the main battery in your camper 
from an auxillery battery while the 
vehicle is in motion. The circuit in B 

can be used to replace a burnt out 
lamp in your doorbell system. 

minder, and you get loaded with 'em! 
Ron Gooslin, of Chatanooga, offers 
one that comes in at under two bucks, 
so it won't break you: 

Buy the buzzer (Radio Shack part 
No. 273-055) for $1.69. Ignore the 
mounting holes and when you've got it 
all wired up, just put a drop of silicone 

cement on the underside, and attach 
it to a clear space on your fuse block in 

the car. 
Here's how to wire it up: Connect the 

red lead from the buzzer to the light - 
switch circuit. (See Fig. 6.) The simplest 
place would be the nearest parking 
light. Connect the red lead of the buzz- 
er to the ungrounded side (hot side) of 
the light. Then connect the black lead 
to the oil pressure switch, which is 

mounted in the engine. Some cars 
have an oil gauge and no pressure 
switch. In that case, connect the black 
lead from the buzzer to the door switch 
that operates the dome light. When 
you open the door, it will remind you 
that the lights are on. 

Here's how it works: When the engine 
is off, the oil -pressure switch is on, and 
when the engine is running, that same 
oil pressure switch is off. That's why the 
oil pressure light on your dash is out 
when the engine is running. If you leave 
your car lights on, power will be ap- 
plied to the buzzer, causing it to sound. 
(The switch is on, completing the cir- 
cuit to ground.) Turning off the light 
switch cuts off the battery voltage and 
therefore, the buzzer. When you're driv- 

+VO,e RED 

HEADLIGHT 
SWITCH 
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BZ1 

12V 

BLACK 

PARKING 
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OR 

DOOR SWITCH 

TO 

LIGHT O LOW BEAM GJ 
HEADLIGHTS 

DIMMER 
SWITCH 

Fig. 6. By properly installing a buzzer 
in your auto, you'll be alerted whenever 
you inadvertantly leave on the lights. 

ing, engine oil pressure opens the 
switch and the buzzer is disconnected 
on its negative side. Turning on the 
headlights while driving will not sound 
the alarm. 

-Ronald Gooslin, Chatanooga, TN 

Thanks, Ron. I'd make one small sug- 
gestion however: Since the buzzer will 
operate in any position, why not mount 
the cover of the buzzer to a clear 
space on the fuse block? That way, 
when you decide you want to remove 
it for any reason, just pull it off the cover, 

WALNUT SPEAKER 
CABINET KIT 
Super quality, genuine 
walnut veneer cabinet. 
Kit includes: routed and 
mitred top, sides, and 
bottom in unfinished 3/ 
4" walnut veneer. Cut 
your own custom holes 
in the front and rear to 
match your drivers. 15" 

x 24" x 11". Volume: 1.9 

cu. ft. 

#260-350 

efg 
$22.50 $19.95 
(1-3) (4 -up) 

15" THRUSTER 
WOOFER 

1§6 - 
Thruster by Eminence. Made in U.S.A. For- 
ward poly roll foam surround, 56 oz. magnet. 2- 

1/2", 2 layer voice coil. 150 watts RMS, 210 watts 
max. 4 ohm. fs = 23.5 Hz, QMS = 9.86, QES = .34, 
QTS=.33, VAS= 17.9 cu. ft. SPL 94.8 dB 1W/ 
1M. Net weight: 151ós. 

#290-180 $43.50 
(1-3) 

$39.80 
(4 -up) 

SPEAKERS AND COMPONENTS 

(V) PIONEER' 

ELECTRONICS 

12" POLY WOOFER 

EMINENCE 

rNONEU2 
Super duty, 40 oz. magnet. Polypropylene 
cone. 100 watts RMS, 145 watts max. 4 and 8 

ohm compatible (6 ohm). 2" voice coil. fs = 25 

Hz. VAS =10.8 cu. ft., QTS=.166. Response: 
25-1,500 Hz. Net weight: 9 lbs. 

#290-125 $36.80 $34.50 
(1-3) (4 -up) 

AA MOTOROLA 

12" PIONEER 
SUB WOOFER 
() PIONEER 
Dual voice coil sub woofer. 30 oz. magnet, 2" 

voice coil. 100 watts RMS, 145 watts max. fs = 25 

Hz. 6 ohm (4 and 8 ohm compatible). SPL = 89 

dB 1W/1M. Response: 25-700 Hz. QTS=.31, 
VAS = 10.3 mi ft. Pioneer #A30GU30-55D. Net 
weight: 6 lbs. 

#290-145 $39.80 
(1-3) 

$36.80 
(4 -up) 

SUBWOOFER CROSSOVER 
200 watts RMS. , 

12 dB per octave, 
150 Hz at 8 ohm 
crossover point. 

#260-220 
$28.80 " $24.4 

(1-5) (6 -up) 

/Eárjvréss 
340 E. First St , Dayton, OH 45402 
Local 1-513-222-0173 
FAX. 513 222-4644 

15" 3 -WAY, 125 WATT SYSTEM 

Our "Top -of the Line" system. The system 
features elements specifically selected to pro- 
duce a balanced outpu throughout the full 
frequency bandwidth of the system. System 
includes: (1) #290-155 15" polypropylene 
woofer rated at 145 watts max, (2) #280-020 
cup midranges, (1) #270-035 4" soft dome 
tweeter, (1) #260-215 200 watt 3 -way cross- 
over, (2) #260-265 100 watt mid, tweeter 'L" 
pad attenuators, (1) #283-300 speaker termi- 
nal, and (1) #260-340 grille cloth. 

#15-125 

CALL 
TOLL FREE 

1-800-338-0531 

$99.95 
Each 

18" EMINENCE 
WOOFER 

EMINENCE 

MADE IN 
U.S.A. 

100 oz. magnet, 3" voice coil. 250 watts RMS. 

350 watts max. 8 ohm, 30 Hz resonant Ire 
quency. 22-2700 Hz response. Efficiency: 95 

dB 1W/1M. Paper cone treated accordion 
surround. Net weight: 29 lbs. 

#290-200 $98.80 $89.50 
(1-3) (4 -up) 

PIONEER HORN 
TWEETER 
Mylar dome, 2.93 oz. 

barium ferrite magnet. 
8 ohm. Response: 1,800- 
20,000 Hz. 35W RMS, 

50W max. fs = 2,000 Hz, 
SPL = 106 dB. Pioneer 
#AHE60-51F. 

#270-050 $6.50 $5.90 
(1-9) (10 -up) 

3 -WAY 100W CROSS- 
OVER 
12 dB / octave rolloff. 800 
Hz, 5000 Hz. 8 ohm. 100 

watts RMS. $12.50 
#260-210 (1-9) 

$9.95 
(10 -up) 

15 day money back guarantee. $10.00 minimum 
order. We accept Mastercard, Visa, Discover, and 
C.O.D. orders. 24 hour shipping. * Shipping charge 
= UPS chart rate ($2.50 minimum charge). ' Hours: 
8:30 am - 6:00 pm EST, Monday - Friday. ' Mall order 
customers, please call for shipping estimate on 
orders exceeding 51bs. 

FREE 
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leaving the empty cover right there? 
Look fora copy of the FIPS book. I sent it 
out today! 

Logic Probe. If you do any amount of 
logic tracing, this probe will be found 
almost a necessity. This is especially 
true if the circuit being traced has a 
number of integrated circuits. I built the 
circuit (see Fig. 7) by installing the 
components on small terminals 
mounted on an unprocessed piece of 
printed -circuit material with the cop- 
per foil removed except for about half 
an inch on the probe end. 

I soldered the stylus to that. I used a 
small brass 4/40 screw with the end 
sharpened as a stylus. A nut secured 
the board to a plastic tube. The re- 
sistors were chosen to provide equal 
illumination for the lamps in either the 
high or low state. 

To use the probe, first connect the 
power leads (watching out for the po- 
larity) to the circuit under test. If the 
circuit is open, neither of the test lamps 
will light. If the circuit is grounded, the 
low (or zero) lamp will light. If three to 

11 

5V 

PROBE 

Fig. 7. By connecting this circuit to a 
logic device that's under power, you 
can get an indication as to its status. 

D. W. Naylor enclosed his logic probe in 
a clear plastic housing. A small brass 
screw was used as the probe tip. 

six volts is present, the high volt lamp 
will light. 

Other than its application in logic 
testing, the probe is also convenient for 
checking supply voltages and 
grounds. It's much faster than taking 
assorted meter readings, especially 
on a well -populated board. You can 
select resistors to turn the lamps on at 
any desired threshold voltage within 
the component limits, making the pro- 
be suitable for any logic level. I hope 
this earms me a FIPS book! 

-D. W. Naylor, Osawatomie, KS 

Enclosing the whole thing in a plastic 
vial seems a good idea, Mr. Naylor. 
And thanks a whole, big bunch. Your 
FIPS book is on the way. 

That about does it for this month. Be 
sure to send in your schematics with 
detailed descriptions. There could be 
a free copy of the Fips book waiting for 
you! Send them to Think Tank, Popular 
Electronics, 500-B Bi -County Blvd., 
Farmingdale, NY 11735. 

Oh...By the way, the ultimate answer 
to our original question is that six five 
percent tolerance resistors connected 
in series will still have an overall toler- 
ance of five percent! 

On Sale April 13 

Projects, projects, and 
more projects this 
electronics hobbyist's 
dream -come -true is 
packed with the best 
from the pages of 
emle(*(óñ 

Elect I`Ks and 
Popular Electronics 

Don't miss it! 

Pick Up The 1989 Popular Electronics 
ELECTRONICS HOBBYISTS 
handbook At Your Favorite Newsstand, 
Convenience Store, or Supermarket 
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EXPAND YOUR CAREER HORIZONS... 

START WITH CIE. 
Microprocessor Technology. Satellite Communications. 
Robotics. Wherever you want to go in electronics... 
start first with CIE. 

Why CIE? Because we're the leadar in teaching 
electronics through independent study. Consider this. 
We teach over 25,000 students from all over the 
United States and in over 70 foreign countries. And 
we've been doing it for over 50 years, helping 
thousands of men and women get started in 

electronics careers. 
We offer flexible training to meet your needs. 

You can start at the beginner level or, if you already 
know something about electronics, you may want to 

start at a higher level. But wherever you start, you 
can go as far as you like. You can even earn your 
Associate in Applied Science Degree in Electronics. 

Let us get you started today. Just gall toll -free 
1-800-321-2155 (in Ohio, 1-800-362-2105'i or mail in 

CIRCLE 7 ON FREE INFORMATION CARD 

viummuemimaramell111110111111111 
The CIE Microprocessor Trainer helps Ku to learn how circuits with 
microprocessors function in computers. 

the handy reply coupon or card below to: 
Cleveland Institute of Electronics, 
1776 East 17th Street, Cleveland, Ohio 44114. 

[-CIEWorld Headquarters 
AHO-116 

Cleveland Institute of Electronics, Inc. 
1776 East 17th Street Cleveland, Ohio 44114 

Please send your independent stud? catalog. 
For your convenience, CIE will try to have a representative 
contact you - there is no obligation. 

Print Name 

Address Apt. 

City State Zip 

Age Area Code/Phone No. 

Check box for G.I. Bill bulletin on Educational Benefits 

EE Veteran El Active Duty MAIL TODAY! 

Just call toll -free 1-800-321-2155 (in Ohio, 1-800-362-2105) 

AmericanRadioHistory.Com



AllIwant is 
fair prices. 

that too 
much to ask?» 

There is a way to get better prices 
on programming. The American Home 
Satellite Association. An organization 
created exclusively to protect and 
enhance your enjoyment of your satellite 
TV system. 

With AHSA's group buying power you'll 
save on premium services, superstations 
and basic programming services. Enjoy 
savings on accessories, equipment, and 
programming guides, too. 

A place to turn for help. 
From locating satellite signals to 

locating a reputable dealer, the toll free 
AHSA "Helpline" has the answer. AHSA 
provides educational videotapes and 
informative books, too. At very special 
member prices. 

Plus, 10 times a year, AHSA's official 
newsletter, Sky Repor4 will bring you the 
latest word on products, legislation, 
programming, and more. Not to mention 
reviews of new products and services. 

You're not alone anymore. 
With your voice behind us, AHSA is 

promoting legislation to guarantee fair 
access at reasonable prices. Addressing 
zoning and piracy issues. Even sending 
expert witnesses to Congressional 
hearings. Join other dish owners around 
the nation, and become a force to be 
reckoned with. 

Rush my free information kit. 
Name 

Address 

City State Zip 

Sign me up right away and send 
my complete membership kit. 
D Check enclosed for $36 (made out to AHSA) 
Bill my VISA D MasterCard 
Card : 
Exp. Date 
Authorized Signature 
X 

30 -day Money Back Guarantee 

I M 

American Home 

Satellite Association 

QRB 

Return completed coupon to: 
American Home 
Satellite Association, Inc., 
Suite 800, 500108th Ave. NE, 
Bellevue, WA 98004-5560 
Or call Toll Free 
1-800-321-AHSA (2472). 
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Avoid the dead 

battery blues by 

installing this circuit 

to let wu know when 

you've left your 

auto lights on. 

BY CF -ARLES R. BALL, JR. 

,- 
Autor 
(,ilarttg 

Remember that foggy, rainy 
morning that you rushed into 

-he office and left your lights 
on? Remember how long it took the 
service man to get out to jump start 

your car? Remember how much that 
little bit of forgetfulness cost? Well you 

don't have to worry about that ever 
again, if you install the simple Light 
Warning System described in this arti- 
cle. 

The Light Warning System automat- 
ically sounds an alarm if you turn off the 
vehicle's ignition while the headlights 
or parking lights are on. The alarm 
ceases once the lights are turned off. 

That's peace of mind for under $15. 

Circuit Operation. The circuit shown 
in Fig. 1 is built around the everpopular 
555 oscillator/timer. When the ignition 
and ether the headlights or parking 
lights are on, little or no voltage dif- 

Popular 
Electronics 

MAY 1989 

ference exists between the headlight/ 
parking -light circuits and the ignition 
circuit. 

If either the headlight or the parking - 
light circuit is active and the ignition 
circuit is off, a voltage difference that is 

sufficient for alarm operation de- 
velopes across U1. Diodes D1 and D2 

are connected in an oa-gate arrange- 
ment, so that either will pass a positive 
voltage from its anode to U1. 

The oscillator starts, and sounds a 
warning tone via the piezo buzzer. The 

frequency of the tone may be 
changed (within limits of piezo re- 

sponse) by varying the values of R1, R2, 

or Cl, or any combination thereof. Po- 

tentiometer R3 serves as a volume 
control to set the sound to a suitable 
level for the user. 

Diode D3 blocks reverse current 
when the ignition alone is on. Zener 
diode D4 may be required to provide 

BUILD THIS 
Lights -On 

Warning 
System 

for 
your Car 
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Sol 

01 

1N4001 

111 

D2 

1N4001 

D4 

SEE TEXT 

BZ1 

VOLUME 

R3 

20K 

C2 

.1 

R1 

10K . -91Ar-_ 

Ui 
555 

OSC./TIMER 

7 

6 

1i 

H -HEAD LIGHTS 
P -PARKING LIGHTS 

I -IGNITION 

03 
1N4001 

IN 

R2 

10K 

Cl T 005 

Fig. I. The automobile Light Warning System is built around the a 555 oscillator/timer, 
and receives power from the car's battery. 

Ö+ 
Fig. 2. Here's a template of the board 
layout used by the author in the production 
of his prototype unit. For those who 
choose not to etch their own boards, a 
printed -circuit board can be purchased 
from the supplier given in the Parts List. 

PARTS LIST FOR THE 
UI -555 oscillator/timer, integrated 

circuit 
DI-D3--IN4001 1 -amp, 50-PIV (or 

similar) rectifier diode 
131 Zener diode, see text 
RI, R2 -10,000 -ohm, 1/4 -watt, 5°lc 

resistor 
R3 -20,000 -ohm, PC -mount, trimmer 

potentiometer 
CI -0.005 µF, 100-WVDC, mylar 

capacitor 
C2 0.1-µF, 25-WVDC, ceramic -disc 

capacitor 
BZ1-Piezo buzzer (Panasonic part No. 

EFB-RD or similar) 

D4 Dl 

141 

D2 -_-_ 

Ul 

C2 

Cl 

D3 

R1 

R2 

R2 

a threshold to prevent false alarm op- 
eration if there is a small voltage dif- 
ference in the DC supply circuit during 
normal operation. To determine the 
necessity and/or the value of D4, with 
the headlights and ignition both on, 
measure the voltage between the 
head lights and parking lights (points H 

and P in Fig. 1). 

If you measure more than 1.4 volts, 
the Zener is required. The Zener's volt- 
age rating should be slightly higher 
than the difference between the mea- 
sured voltage and 1.4 volts. For exam- 
ple, if the measured difference is, say, 
1.76 volts, the Zener should have a volt- 
age rating of 1.4 + 1.76 volts or 3.16 
volts. The closest off -the -shelf Zener 
would be a 3.3 -volt unit. 

For low voltage differences, one or 
more forward -biased silicon diodes 
can be substituted for the Zener. Each 
forward biased silicon diode drops 
about 0.7 volts. 

NC. 

SOl 

Fig. 3. Assuming that rou've opted to go the printed -circuit route, using the foil pattern 
.shown in Fig 2, assemble the components on that board using this diagram as a guide. 

LIGHT WARNING SYSTEM 
501 -3 -position, enclosed terminal 

block (Mouser part No. MEI53-2103) 
Printed -circuit or perfboard materials, 

enclosure, IC socket, splice 
connectors, wire, solder, etc. 

Note: The following items are available 
from BALLco, Inc., PO Box 1078, 
Snellville, GA 30278-1078; Tel. 
404/979-5900; printed -circuit board 
(part No. 881101-A) $9.95: complete 
kit of parts (excluding case and 
terminal block) $14.95, postage paid. 
Georgia residents must include 
appropriate sales tax. Please allow 6 to 
8 weeks for delivery. 

Construction. The system can be as- 
sembled on a small piece of per- 
fboard or on printed -circuit board. For 
those who choose to go the printed - 
circuit route, a full-size template of the 
PC artwork is shown in Fig. 2. Or, if 
you're not into etching your own 
boards, a printed -circuit board can 
be purchased from the supplier given 
in the Parts List. 

Once you've obtained the parts out- 
lined in the Parts List, assemble the 
project using Fig. 3 as a guide. When 
installing the semiconductors, be sure 

(Continued on page 99) 
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Overcoming the pull of gravity 
has long been a dream of the 
scientific community, so much 

so that countless experiments about it 

have been conducted over the years. 
Many of those experiments have dealt 
with reversing the gravitational effects 
of the Earth's magnetic pull to free 
large masses for space travel. 

The 'Anti -Gravity" Generator dis- 
cribed in this article will not send some 
object hurling through the endless re- 

alms of space, but it will give the ap- 
pearance of having overcome Earth's 

gravitational pull. The project incorpo- 
rates a hollow plastic ball with a 
permanent magnet placed inside 
and a feedback -controlled elec- 
tromagnet. When the electromagnet is 

under power and the ball is brought 
near it, the ball can be made to float, 
appearing as though an anti -gravity 
condition exists. 

The feedback control, consisting of 
both an IR transmitter and detector cir- 
cuit, is used to influence the amount of 
energy delivered to the elec- 
tromagnet, and thereby its magnetic 
strength. The IR transmitter and re- 

ceiver are placed so that if the ball is 

pulled within a certain distance of the 
electromagnet, it blocks some portion 
of the IR signal, which reduces the 
amount of energy picked up by the 
receiver. That, in turn, causes the pull of 
the electromagnet to be reduced so 

that the ball drops out of the transmit- 
terireceiver's line -of -sight, keeping the 
ball suspended in mid-air creating the 
ilusion of antigravity. 

Circuit Description. Figure 1 shows a 
schematic diagram of the 
Anti -Gravity Generator. 
The infrared transmitter 
consists of a 555 oscillator/ 
timer (U3), and an in- 
frared -light emitting diode 
(LEDI). Timer U3 feeds a 
pulsing signal to LEDs. The 
output frequency of U3 

(and therefore the pulse 
rate of LEDI) is determined 
by RI0 and C4. Resistor R8 

is used to limit current to 
LEDI. 

The receiver consists of a 
solar cell (PCI), two op - 
amps (U1 and U2), and a 
Darlington amplifier 
made from two discrete 
transistors (Q1 and Q2). 
Op -amp U1 is configured 
as a current -to -voltage 

converter. Infrared light picked up by 
PCI is converted to an electrical signal 
and fed to the non -inverting input of U1 

at pin 3. Because the non -inverting in- 

put of U1 is tied to the negative lead of 
PC1, its output at pin 6 is negative. 

Resistors Rt and R2 form a voltage 
divider and the feedback loop to U1's 

inverting input to control the gain of the 
op -amp. The output of U1 is fed through 
R3 to the inverting input of U2 at pin 2. 

Resistor R4 sets the gain of U2, while 
C3, R6, and R7 set the hysteresis to 
control the oscillations. The output of 
U2 is fed to the base of Q1, a TIP41A 

power transistor, through R5. Resistor R5 

limits current to the base of Q1. 

Transistors Q1 and Q2 control the flow 
of current to the electromagnet. When 
the output of U2 is high, that high 
causes Q1 to turn on, placing a high at 
the base of Q2. That high causes Q2 to 
turn on, grounding one end of the 
electromagnet, turning it on. 

Power for the Anti -Gravity Generator 
is provided by an unregulated dual 
(± )12 -volt power supply, consisting of 
TI, BR1, C1, and C2. The center tap of T1 

is used as a ground, while the other two 
leads connect to the AC inputs of BR1. 

Capacitors CI and C2 are used to filter 
the output of BR1. 

Note that the schematic diagram 
contains a resistor labeled Pc. That unit 
may or may not be necessary for the 
proper operation of the project. If the 
impedance of the electromagnet is 

lower than about 30 ohms, inclusion of 
that resistor will restrict the flow of cur- 
rent to protect the Darlington amplifier 
and the electromagnet. 

The 
"Antigravity" 

Generator 
Astound and amaze 

your friends 
with this 

gravity -defying 
project! 

BY VINNEY VOLLONO 

Design Variables. Be- 
cause the circuit needs all 
conditions to be just right 
to create the anti -gravity 
effect, we need some way 
of offsetting the elec- 
tromagnet and certain 
other components. The 
height of the elec- 
tromagnet should be ad- 
justable to help compen- 
sate for the weight of the 
pall and the strength of the 
permanent magnet within 
the ball. 

Another factor in build- 
ing the Anti -Gravity Gen- 
erator is the size of the unit 
that you decide to build. 
Depending on how large 
you intend to build the 
project, the IR emitter and 

Zci 
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POWER SUPPLY RECEIVER TRANSMITTER 
T1 

'SEE TEXT 

302 
= TIP41A 

R2 

30K 

VN 
R8 

150f 2 

LEDI 

I O 
+PCI I 

)//7// 

R5 
100K 7 

3K 
6 >M 

Ol 

TIP41A C3 
3 R7 

2 L1* 

5K 

R6 -_ 

Rc* 50K 

Fig. I. The Anti -Gravity Generator is really a 
readily available components. In fact, the onl 
LI, which you must wind yourself 

receiver will need to be focused ac- 
cordingly. In the author's prototype, 
lenses are used because the unit is fair- 
ly wide, placing the receiver and 
transmitter unit a sizable distance 
apart. 

If you wish to build yours only six 
inches wide, you may not need to use 
lenses. The reason is that the farther the 
transmitter and receiver are apart, the 
more the infrared light is dispersed 
(spread out). The thinner (more con- 
centrated) the beam, the more accu- 
rately the receiver circuit can sense the 
position of the ball. 

A dispersed beam provides much 
less control, resulting in the anti -gravity 
effect being much more difficult (or, 
more likely, impossible) to achieve, 
because of the lower levels of IR ener- 
gy striking the receiver. In addition, a 
dispersed IR beam will be hard to 
block. Those factors must be taken into 
consideration or the project will not 
operate. 

While two 741 op -amp IC's were 
used for U1 and U2, both units can be 
replaced by a single 1458 dual op - 
amp. 

Construction. The author's prototype 
was built on three small sections of 
perfboard. When assembling your 
Anti -Gravity Generator, follow Fig. 1 as 
a guide. Transistor Q2 should be heat- 
sinked to prevent it from overheating 

2 

U2 

LM741* 

v 

rather simple circuit, built around several 
component that's not an off -the -shelf item is 

during operation. The bridge rectifier, 
BR1, can be made from discrete rec- 
tifier diodes, or a pre-packaged 
bridge can be used. Just make sure 
that the rectifiers have the proper cur- 
rent rating. After the three perfboard 
circuits have been assembled, place 
them to the side for a while and move 
on to the rest of the project. 

The electromagnet (L1 in Fig. 1) is a 
home-made coil wound on a half -inch 
diameter, 6 -inch long bolt. Two layers 
of black electrical tape are placed 

U3 

555 

OSCJ 
TIMER 

R9 

100K 

7 

2 

6 

R10 

10K 

_ C4 T .O1 

over the bolt, and the coil is wound on 
top of the tape. The author wound 
about Y4 -pound of 28 -gauge magnet 
wire onto the bolt, covering only about 
three inches of the bolt at the head 
end. 

The easiest way to wind the coil is to 
place the bolt in a hand drill, wind 
three or four turns onto the bolt to get 
things started, and let the drill do the 
rest. DO NOT cut off the extra bolt 
length, and be sure to leave enough 
lead length to allow the coil to be at- 
tached to the receiver circuit board. 
The remaining three inches of the bolt 

Ti Cl & C2 
Here's an inside view of the sectionalized circuit mounted in the base of the Anti -Gravity 
Generator. The large high -wattage resistor (R» is connected in series with the 
electromagnet (LI) to bring LI's impedance up to at least 30 ohms. 

36 

AmericanRadioHistory.Com



is needed to make height adjustments 
on the electromagnetic and secure it 

in place. 
When L1 is finished, it should have an 

impedance of about 30 ohms. The 

electromagnet has a great effect on 
the current through the Darlington pair. 
If the coil's impedance is too low, both 

PARTS UST FOR THE 
ANTI -GRAVITY GENERATOR 

SEMICONDUCTORS 
Ul, U2-741 op -amp (or 1458 dual op - 

amp, see text). integrated circuit 
U3-555 oscillator/timer, integrated 

circuit 
BR1-5-amp, 100 -NV bridge rectifier 

(see text) 
LED1-Infrared light -emitting diode 

WOODEN UPRIGHTS 

LEDI °C1 

LENSES 

1/2 INCH 
PLYWOOD 

BASE 

n 

TRANSMITTER 
BOARD 

POWER 
SUPPLY 

RECEIVER 
BOARD 

BOX PLI 

FRAME 

RESISTORS 
(All resistors are'/ -watt, 5% units) 
R1, R4, R9 -10C,000 -ohm 
R2 -30,000 -ohm 

Fig. 2. In the author's prototype, the wires between the receiver and transmitter 

boards.. and the electromagnet (LI), the solar cell (PCI), and the IR diode (LEDI) 
were run through ducts drilled into the wood uprights, and cross brace. 

R3, R10-l0,000-ohm 
R5 -3000 -ohm 

TRANSMITTER RECEIVER 
R6 -50,000 -ohm FOCAL 

R7 -5,000 -ohm LENGTH 

R8 -150 -ohm 1 1 

PC1 

CAPACITORS 
Cl, C2- 4700-µF, 16-WVDC, 

electrolytic 
C3 0.2-µF, 50-WVDC, ceramic disc 
C4-.01 -µF, 50-WVDC, mylar 

ADDITIONAL PARTS AND MATERIALS 
LI-See text 
TI -25 -volt, center -tapped, 2 -amp 

transformer 
PC1-Solar cell, 1/2 -inch square, 5 -volt, 

55 -mA 
PLI -117 -volt AC plug with line cord 
Perfboard materials, 6 -inch long, 1/2 -inch 

thread bolt and nut, 1/4 -pound of #28 
magnet wire, two 19mm diameter 
convex lenses, Samarian cobalt 
magnets, hollow plastic ball, wood, 
electrical tape, heat sink, IC socket(s), 
hook-up wire, solder, hardware, etc. 

Note: For technical assistance on the 
construction of the Anti -Gravity 
generator, call 203/672-0123 (weekday 
mornings only). 

The following 'items are available from 
Star Electronics, PO Box 2233 Times 
Square Statijn, New York, NY 10036; 
solar cell, $5.; Samarium colbalt 
magnet, $4. each; plastic ball with 
magnets, $12.; 24 -volt, 1 -amp, center - 
tapped transformer, $21.; kit of parts 
(does not include wooden frame and 
housing), $24.95. Add $3.50 for 
shipping and handling per order. New 
York State residents add 8.25% sales 
tax. Please sllow 6 to 8 weeks for 
delivery. 

INFRARED LENS LENS 

LED 

Fig. 3. The transmitter, receiver, lenses (if used)-which are located in the uprights- 
must be properly aligned and focused in order for the Anti -Gravity Generator to function. 

the electromagnet and the Darlington 
pair will overheat. The impedance of 
the coil can be compensated by 
placing an appropriate resistor (Rc in 

Fig. 1) in series with the coil, as pre- 
viously mentioned. 

After the coil has been wound onto 
the bolt, cover it with several layers of 
electrical tape to keep the wire from 
unraveling. Once that's done place 
the electromagnet coil to the side for a 
while and move on to the next stage of 
construction. 

The Frame. The author built the frame 
for his prototype from wood because it 

is easy to work with. However, you can 
build the frame from what ever mate- 
rials you may have on hand-for ex- 
ample, acrylic plastic can be used for 
a snazzier look. For obvious reasons, 
metal should not be used. Use your 
own imagination. 

Figure 2 shows the construction de- 
tails of the frame. Start by taping two 
pieces of the framing material to- 
gether. Those two pieces of wood will 

be used to form the uprights (the 
frame -work where the IR emitter and 

solar cell are to be located). The au- 
thor used 11 x 2 -inch lumber. With the 
lumber still taped together, cut them to 
equal lengths and sand the ends 
smooth. Drill a half -inch hole through 
both wood pieces at about 4-1/2 inches 
from what will hereafter be considered 
the top of the upright. 

As far as the wiring goes, the author 
drilled holes straight through the wood 
with an 18 -inch drill bit in order to con- 
ceal the wiring. That is not necessary; 
you could just as easily tape the wires 
to the outside of the wood if you wish. 

Drill a hole lengthwise through the cen- 
ters of each piece of the framing 
wood. 

Alignment. The infrared transmitter 
and receiver must be aligned in order 
to permit proper operation. The author 
used lenses in his prototype (see Fig. 3) 

because of the distance between the 
transmitter and the receiver. Note that 
the lenses must be focused for max- 
imum IR energy to strike the receiver. 

Place LEDI into the hole in one piece 
of the framing wood and the solar cell 

(Continued on page 98) 02 
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MICROSOLUTIONS 
MEGAMATE 
3.5 INCH DISK SYSTEM 

CIRCLE 63 ON FREE INFORMATION CARD 

1.4 megabytes is a big chunk of diskette 
memory, and you can use it anyway you 

Miss Pruitt, my eighth -grade En- 
glish teacher, always 
claimed that "versatile" was 

one of the most overused words in the 
English language. Much too often, the 
budding composition writer talks 
about a versatile tool, a co-ed would 
talk about her beau being a versatile 
athlete, and a reviewer of products 
raves about a versatile gadget. Well, 
that's exactly what this reviewer will be 
doing about the MicroSolutions Mega - 
mate 3.5 -inch diskette -drive system. 

Megamate provides compatibility 

with your IBM PC; XT; AT; or 100 -percent 
compatible, clone computer and any 
other IBM computer using 3.5 -inch dis- 
kettes. You can interface with both 
720KB and laptop diskettes, and1.4MB 
PS/2 diskettes. Megamate determines 
what format the diskette is using. The 
Megamate drive is housed in a com- 
pact, flat, pro -type steel case that rests 
on top of your computer housing and 
connects to a half-size expansion slot 
in your IBM type computer. Megamate 
comes complete-all you supply is the 
screwdriver. The only cable for the 

The Megamate card is inserted into an unused expansion slot in a PC XT clone computer. 
The 3.5 -inch diskette drive connects to a jack on the read panel and requires no power plug. 

want! 

Megamate system connects between 
the computer and the external case. 

Megamate requires an IBM PC, XT, 

AT, or compatible clone with at least 
128K memory; PCDOS or MSDOS, ver- 
sion 2.0 or above; and one half-size 
expansion slot. You'll need a screw- 
driver to install the card. 

What's in the Box. When we buy a 
new plaything, rapid installation and 
rapid application is a user's demand- 
ing requirement. That's what the 
Megamate system delivers. 

The card installation is simple! The 
computer is de-powered-power 
cord disconnected. Out come a few 
screws, and the housing's cover can 
be removed. A blank metal face plate 
is then removed from the mating site of 
an empty expansion slot on the mother 
board. (The slot next to the power sup- 
ply on XT's should not be used.) Secure 
the card in place using the screw ex- 
tracted to remove the face plate. 
Check that the card is seated squarely 
and firmly in the expansion slot. Close 
up the housing, replace all screws, 
and you're almost done. 

Plug the Megamate cable from the 
drive into the jack exposed on the rear 
panel of the computer. Secure the 
connectors by turning the retaining 
screws until they are finger tight, Now 
connect the power cord and any ca- 
bles that may have been removed for 
convenience sake. (The printer was 

(Continued on page 100) 
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Now electronics hobbyists 
have all the information they need 
right at their fingertips. 
New MODERN ELECTRONICS MANUAL provides clear, precise, easy -to -follow 
instructions on a wide variety of fascinating "do-it-yourself" electronics projects... 
plus timely updates on the latest developments in electronics technology. 
If you're an electronics enthusiast, you know that the fun of 
building or fixing electronic devices can sometimes turn to 
frustration-if you don't have the proper information on 
how to do it correctly. 

THE MODERN ELECTRONICS MANUAL, new from 
WEKA Publishing, eliminates this problem. In a single, well - 

illustrated, clearly written handbook, you get the knowledge 
you need to build, assemble, or modify virtually any consumer 
electronic, computer, communications, audio, or video 
device-with speed, ease, and confidence. 

The ultimate how-to hobbyist's guide to 
electronics 
THE MODERN ELECTRONICS MANUAL is, quite simply, 

the most comprehensive and essential hands-on guide and 
reference work for electronics hobbyists, giving you both the 
theoretical background you need to understand electronics plus 
the specific how -to -do -it information to get your project done 
right-the first time. So essential, in fact, that for a limited time, 
we are inviting electronics hobbyists to try THE MODERN 
ELECTRONICS MANUAL in their workshops on a NO - 
RISK trial basis. 

A wealth of electronics information-at your 
fingertips 
THE MODERN ELECTRONICS MANUAL begins by giving 
you the basic technology and principles you need to make 
every project more enjoyable. You learn: How to solder. How 
to read schematics. What tools to use, and how to use them. 
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Even if you can't string up 300 feet of wire at your 
listening post, there's no reason to miss 
out on all of the fun of 
shortwave listening. 

BY ELMER C. CARLSON 

Urban DX enthusiasts are faced 
with many problems in setting 
up ham shacks within the con- 

fines of the limited space allotted to 
them. Probably the most perplexing of 
those problems has to do with the an- 
tenna-in particular, how much space 
can be dedicated to the antenna sys- 
tem. 

The long-wire antenna, long -consid- 
ered one of the most cost-effective RF 

pick-ups, has for many years been out 
of the question for urban dwellers. 
Electrical codes, neighborhood es- 
thetics, and most lease clauses, se- 
verely limit (or prohibit) outdoor 
antennas. And except for rural areas, 
long-wire antennas have just about 
disappeared-even hobby -commu- 
nications retailers no longer display 
equipment suitable for quality broad- 
cast -band DX'ing and SWL'ing (short- 
wave listening). 

But don't give up-for the Cliff 
Dweller's SWL Antenna described in 
this article does the job of con- 
ventional long-wire antennas, while 
taking up relatively little space. At as 
little as 7 -feet long, this miniature an- 
tenna can be (semi -permanently) hid- 
den behind the drapes, on top of a 
wall -length bookcase; temporarily be 
set up on a porch, patio, balcony; or 
attached to a window frame or win- 
dow sill. Each situation is different and 

The 
Cliff Dwellers 
SWL Antenna 

must be handled accordingly. And it's 
capable of pulling in signals between 
150 kHz and 30 MHz. 

A Little Background. Receiving an- 
tennas are passive devices-they just 
hang around and collect airborne sig- 
nals. Despite that, the antenna can 
come in many forms including dipoles, 
beams, loops, verticals, and long 
wires. The simple long-wire (or inver- 
ted -L) is the best known member of the 
family of "flat -top" antennas. It is one of 
the earliest antenna designs, and was 
most commonly used in the days be- 

fore high -gain vacuum tubes, and 
loop antennas. 

An antenna is a long wire only when 
it is long in terms of wavelength. In 
other words, just being "long" relative 
to something like available space, 
doesn't make a wire an effective col- 
lector of radio signals. For instance, at 
3.8 MHz (75 -meter amateur band), 
one wavelength is 259 feet long. 

That's a lot of wire, to say the least. 
But our antenna gets around that by 
using a couple of tricks. For one, the 
antenna is helically wound. That is, in- 
stead of being just straight wire, the 

Fig. I. Once the 5 -conductor cable has been wound onto the pipe, splice and solder the 
ends of the conductors, and insulate with shrink tubing or wrap with tape. Tuck the 
connections into the holes for a neat -looking project. 
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antenna's conductors are coils, or in- 

ductors. By using inductors, and by in- 

troducing mutual inductance by 
folding the conductors back on them- 
selves between three and five times, 
depending on its configuration, the 
antenna is much longer electrically 
than it is physically. That mean's that it 
does the job of a much longer unit. 

Just how long is its electrical length? I 

really don't know! However, it seems to 
me that the antenna stepped out Boy - 

Scout fashion always out -performs the 

one measured out to the last millimeter 
anyway, and this one is no exception. 
For frequencies between 150 kHz and 
30 MHz, the Cliff Dweller's SWL Anten- 
na performs better than any antenna 
I've ever used for broadcast -band 
DX'ing or SWL'ing, including many 
roof -top antennas I've strung up over 
the years since my high school days. In 

fact, Moscow, Egypt, and Israel have 
never come in clearer, and with less 

fading. 

Experimenter's Delight. There are 
many theories on how antennas 
work-some are extremely compli- 
cated and require mathematics that 
would choke a dedicated number - 
crunching computer. However, most of 
the time antennas seem to have a 
"theories -be -dashed" attitude about 
them. Their characteristics seem to 
defy any logical or theoretical expla- 
nation. Of course, antennas don't 
really have a mind of their own. In- 

stead, you have to realize that every- 
thing near or around the antenna, or in 

the line -of -sight with a desired signal, 
will directly effect performance. The 

closer the object and the better its 

conductivity, the greater the effect it 

has on the antenna. And intensifying 
the problem is the fact that theories 
usually deal with antennas that exist in 

that fairyland of "free space," a place 
that's very hard to find in our modern, 
cluttered world. 

Because of that, antennas are often 
an experimenter's delight, or torment. 
In addition, there are some "twists" with 
this unit that makes things more inter- 

esting. For example, there are a cou- 
ple of ways of hooking up the antenna. 
Which one do you use? Why, the one 
that works best, of course. This is an 
antenna for experimenters-so experi- 
ment! The "parts" are cheap, to say the 
least-just a 7 -foot or longer length of 
pipe and some 5 -conductor TV -an- 
tenna rotor cable (a 100 -foot roll, avail- 
able from Radio Shack as part 

number 15-1201, will be more than 
enougn)-and there is nothing to burn 

out. Remember, this is a receiving an- 
tenna, not a transmitting one. While 

resonance is absolutely critical in a 
transmitting set-up, the key here is get- 
ting the best performance. 

Construction. The first thing you must 

do is decide where you are going to 
put the antenna-where you are go- 
ing to use the antenna and where you 
are going to store the antenna. You 

don't want an 8 foot length of PVC 

pipe when the ceiling -to -floor height is 

8 feet. You would scrape the ceiling 
putting the ante -ma in place (and you 
know who would be giving you "you 

know what" if you scraped the ceiling). 
That's why my antenna had a 7 -foot 
length. But if you intend to hide the 
antenna behind a 9 -foot drapery rod, 
then a 9 -foot length of PVC might be 
more suitable for your antenna's con- 
struction. Select a pipe with an inside 
diameter of at least 3/4 inch to make 
threading the cable easier. 

There are two basic rules to follow in 

building the antenna. One is that you 
need a minimum of 7 feet of pipe; the 

An indoor antenna that anyone could love, 

the Cliff Dwellers SWL Antenna could 
also be hidden behind a drapery or on top 

of a bookcase. 

second is to maintain a spacing of 12 

turns of cable per foot of pipe. That 

spacing will place about 39 inches (or 

about 1 meter) of cable per each foot 
of pipe. 

No matter what length of PVC pipe 
you have decided to use, the first thing 
you must do is find the center point of 

the pipe. From the center point mea- 
sure 3Y2 feet in each direction. Mark 
those two points with a sharp -pointed 
tool, such as a scribe, awl, or ice pick. 
Before you put away the measuring 
tape, measure and use a marking pen 
to mark off 1 -foot sections between the 

two end points. 
Next, drill a hole, at least a half -inch 

in diameter at each end point. Only 
drill through one wall of the pipe, not 

the opposite one. Clean off any rough 

or sharp edges of the holes, both in- 

side and out. If you don't make the 
edges smooth, they'll snag the wire 
and make it difficult to pull through the 
center of the pipe, or possibly strip 

them in an undesirable place-ren- 
dering all of your efforts useless. 

Measure and mark about 71/2 feet of 
5 -conductor flat antenna -rotor wire. Try 

to put the end of the wire in the hole 
that will be at the top of the pipe, or the 
end farthest away from where you 
want the lead to the receiver. If the wire 
does not feed through the hole and 
down the length of the pipe easily, it 

may be necessary to enlarge the hole 
or pull the wire through the hole and 
pipe using a length of cord. A small 
weight attached to the end of the cord 
and dropped into one hole will pull the 
cord through when you stand the pipe 
up. 

If you can't get help to pull the string 

and cable through the PVC pipe, tie 
the loose end of the string to a door- 
knob and feed the 5 -wire cable 
through the hole and pipe until you 

reach the 71/2 -foot mark on the cable. 
Once that's accomplished, anchor the 

end of the cable that is through the 
pipe at the far end, and feed the loose 

(near) end through its hole and anchor 
it, too. 

Now, starting from the far end, you 
can start wrapping the 5 -wire cable 
around the pipe as shown in the lead 
artwork of this article. Wrap 12 turns 

around the pipe and position them to 
reach to the first one -foot mark on the 
PVC pipe. Wrap a piece of tape 
around the pipe to hold the winding in 

place. Wrap another 12 turns around 
the pipe, covering the next foot of 

(Continued on page 106) 
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In the backyard, on camping trips, or anywhere else, this 
gasoline engine driven generator can provide for 

all your electrical needs! 

BY JOHN MCDOWELL 

BUILD A DC GENERATOR 
Most factory -built portable 
electric generators today 
are 117 -volt AC units that 

may have a little 8 -10 -volt DC circuit 
thrown in, almost as an afterthought. 
They also cost a bundle. The 
Homemade DC Generator described 
in this article won't give you AC 
power-unless you run it through an 
inverter-but it can crank out 12 -volts 
DC at up to 40 amps, or more. 

If can be used as an emergency 
power supply, for in -the -field recharg- 
ing of marine/RV batteries, lighting 
and recharging for a backwoods 
cabin, and a variety of other purposes. 
Aside from those practical uses-it's 
also fun to build. Should you happen to 
have an old snowblower engine 
handy and a used auto alternator of 
the right kind lying around, you could 
probably build this unit for as little as 
$30-$40. 

Originally intended to recharge 
banks of batteries for household light- 
ing needs in remote areas, the Home- 
made DC Generator (lacking a 
regulator) will produce full current 
without the time -wasting tapering off 
process used in factory -built gener- 
ators. 

The Homemade DC Generator also 
contains a battery -charging circuit, 
whose basic design is quite simple: a 
small, gasoline engine with a horizon- 
tal -shaft (such as a Briggs unit) turns a 

V -belt that turns an automobile alter- 
nator to produce a high DC current, at 
12 volts. Running through a fuse and 
ammeter, the current reaches the bat- 
tery through booster cables. Every- 
thing is mounted on a two- by one -foot 
plank, two inches thick. The plank itself 
is nailed to a couple of two- by four - 
inch runners that serve as legs. 

As shown in Fig. 1, the engine and 
alternator are situated so as to oppose 
each other rather than both being on 
the same side of the plank. That's done 
because most small engines turn 
counterclockwise and most alter- 
nators are made to turn clockwise. So, 
the engine and the alternator must op- 
pose each other. The engine and the 
alternator must be mounted some- 
what off -center, as shown in Fig. 2-a 
top -side view of the engine/alternator 
assembly. 

The Engine and Alternator. The 
motor used needs to be a horizontal - 
shaft engine, such as those used on 
snowblowers and some rototillers, with 
a horsepower range of from 2Y2 hp to 5 
hp. The engine should have a stan- 
dard Yº- or 3/4 -inch shaft. For my 
charger, I obtained a used 4 -hp snow- 
blower engine from a lawnmower re- 
pair shop (at a cost of only $65.00). 
also bought a 3Y2 -inch pulley (for 
$2.69) to mount on the engine's shaft. 

The alternator needed for this par- 

ticular design must be an older Delco 
type from a late 1960's or early 1970's 
GM automobile. We want an alter- 
nator that does not have a built-in reg- 
ulator; the older Delco's fit the bill. You 
can identify an unregulated Delco unit 
because it has a recessed pocket in 
the back (see Fig. 3) with two sockets 
placed side -by -side that are de- 
signed to mate with vertical -prong 
plugs; the regulated Delco's have 
sockets designed for horizontal -prong 
plugs avoid them. 

I lucked out when I discovered an 
old Delco alternator of the proper type 
lying around the garage. If you have to 
buy one, you can probably get one 
from an auto salvage yard, or dis- 
count -department or auto parts stores. 
You'll also need a wired plug (called 
an alternator harness) to fit into the 
two -pronged recessed socket on the 
back of the Delco. (I purchased a 
package of two at an auto -parts store. 

Mounting. Before drilling any holes in 
the plank, position the engine and the 
alternator on the plank to get an idea 
of about where they'll have to go to fit 
on the board. Then buy a fanbelt of the 
proper length to bridge the distance 
between the two. Mount the engine 
first, using four hex bolts of suitable 
length to go through the plank and 
fasten them on the bottom with wash- 
ers, lock washers, and nuts. 
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Fig. 1. Here is a general layout of the Homemade DC Generator. 

FAN BELT 

TO BATTERIES 

TURNBUCKLE 

ALTERNATOR 

PLANK 

ENGINE 

Fig. 2. As shaven by this overhead view, the engine and alternator are mounted somewhat 

off -center, with their drive shafts opposing each other. 

USE AVOID 

VERTICAL 
PRONGS 

NON - 
REGULATED. 

Fig. 3. This illustration shows the two 
types of sockets likely to be found on 

the alternator. The one on the left 
(with its vertical prongs) is suitable 
for this project, while the one on the 

right (having horizontal prongs) should 
be avoided. 

HORIZONTAL 
PRONGS 

REGULATED 

The alternator is mounted on 
brackets designed to let it pivot on a 
long lower bolt, enabling the tension 
on the fanbelt to be increased or de- 
creased. For those brackets, the au- 

thor used two 3 -inch lengths of angle 
iron (1Y2 by 1Y2 inches). As shown in Fig. 

4, three 3/s -inch holes had to be drilled 
in each 3 -inch length of angle iron. 

The brackets, once bolted to the 
plank, hold the alternator an inch or 
two above the wood plank. The alter- 
nator is held in place between the 
brackets by a long bolt that goes 
through its lower mounting hole. When 
mounting the alternator and its 
brackets, it is important to get a per- 
fectly straight alignment between the 
pulley on the alternator and the pulley 
on the engine; otherwise the fanbelt 
may bind up, wear out, or come off 
while the engine is in operation. 

By pulling the alternator so that it 

pivots away from the engine, the fan - 
belt between the two pulleys can be 
kept taut. The tension on the fanbelt is 

MATERIALS LIST FOR THE 
HOMEMADE DC GENERATOR 

Engine 2.5 to 5 hp 
Alternator 
Ammeter (0 -60 -amps, see text) 
Booster cables 
Sheet metal 
Angle iron 
Fanbelt 
Automobile taillight lamps 

Wiring harness, wooden plank, turn- 
buckle, pulleys, solder, hardware, etc. 

maintained by a 3 -inch turnbuckle 
that runs from the top of the alternator 
to a hook -eye fastened in the plank. 

The alternator has one top mounting 
hole, which is threaded for a6 
diameter bolt. Screw a 5/,e, 11/2 -inch 
long bolt into the top hole and use that 
as a fastening point for the turnbuckle 
running from the plank. 

Once the assembly is complete, 
start up the motor, tighten the tension 
on the fanbelt, while making sure that 
both of the pulleys and the fanbelt are 
running smoothly. It's a good idea to 
also build a cover (as shown in Fig. 6) 

for the pulleys and belt. The cover used 
in the prototype was made from sheet - 
metal. 

ALTERNATOR 

BRACKETS 

ALL DIMENSIONS IN INCHES 

Fig. 4. Mounting brackets for the alternator 
can be formed from short lengths of angle 
iron. The alternator is then mounted to the 

plank using brackets, such that the 

alternator can be pivoted toward or away 
from the engine to maintain the tension 
on the fanbelt. 

co 
co 
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Fig. 5. The amount of charging current delivered to the battery is directly related to 
the amount of current fed to the F terminal of the alternator. Automobile tail lamps 
are used to set the level of output current: using one lamp provides the minimum current 
output; all three lamps would provide the maximum current output. 

Wiring the Charger. The next step is 

fairly simple, but must be done cor- 
rectly to avoid damaging the alter- 
nator or the other parts. Just follow the 
wiring plan as laid out in Fig. 5. There 
are only three electrical terminals on 
the back of the alternator for you to be 
concerned about. 

One terminal has a red plastic in- 
sulator and is marked BAIT for positive 
connection. The terminal opposite it 

has a smaller nut and no insulator. That 
terminal may be marked GRD for 
ground (the negative connection). 
Those two terminals connect to the 
battery terminals, and from there to 
the alternator. 

An ammeter 0 50 -amps is a good 
choice-and 60 -amp fuse are con- 
nected in the line that runs from the 
positive terminal of the alternator to 
the battery. If you can't find a 0 -50 - 
amp meter at the right price, a 0 -30 - 
amp meter from an auto parts store 
will suffice. You'll also need a ceramic 
fuse holder for the fuse. An electrical 
supply house or an electrical con- 
tractor should have one. 

The third terminal on the alternator 
that you need to deal with is the F (field) 
terminal- a recessed two -prong sock- 
et. Each prong has a letter stamped 
underneath or near it. Only the prong 
marked F will be used; the other prong 
(marked R) will not be used. Cut off the 
wire that runs to the R prong on the 
wiring harness that fits into the re- 
cessed socket-it won't be needed 
and will only get in the way. 

It is the F terminal that tells the alter- 
nator when to produce current and 
how much. Feeding a little positive 
current into the F terminal causes the 
alternator to produce lots of charging 

current. The more current fed to the F 

terminal the more the alternator pro- 
duces and the harder it is to turn the 
shaft 

With everything in operation, you 
can hear the strain of the engine as the 
power to the F terminal is increased. 
That means that your homemade 
power -plant is under load, working 
well, and putting out the "juice." 

A line run from the alternator's 
positive terminal to its F terminal would 
cause it to produce too much power, 
and possibly overheat. But, by placing 
some kind of resistance in the line, only 
part of the positive current is allowed 
to reach the F terminal, keeping things 
within manageable levels. 

BOLT 

MOTOR 

SHEET METAL 
COVER 

One to three auto tail -lamps (as 
shown in Fig. 5) can be used to provide 
that resistance. To use that method, 
three auto -lamp sockets are con- 
nected in parallel, and connected in 

series with a switch (S1). That series/par- 
allel combination is wired across the F 

and BATT terminals, As an alternative to 
using auto lamps, you might instead 
use a 25 -ohm, 150 -watt rheostat. 

Inserting one bulb in a socket 
causes the alternator to produce a 
certain amount of current; insert two 
bulbs or all three and you can pro- 
duce even more power. By using dif- 
ferent types of 12 -volt parking or back- 
up bulbs (they vary in wattage), you 
can set the amount of DC current that 
the alternator produces. Because the 
alternator has no regulator, it produces 
the desired amount of current right up 
until the end, without tapering off as a 
regulated alternator would. A 3 -hp en- 
gine powering an alternator can pro- 
duce up to 35 amps, but would run 
best putting out 15 or 20 amps. A 5 -hp 
charger runs well at 25 to 30 amps. 

The author used 10 -gauge, insu- 
lated copper wire (red positive and 
black negative) for the connections 
from the alternator to the meter and 
the fuse. An auto booster cable (of the 
type commonly used to jump start cars 
with dead batteries) was used for the 
connections between the battery and 
the alternator/meter/fuse circuit. 

Although the inner copper wire of 
such cables is also 10 gauge, the 

ALTERNATOR 

'~ o 

Fig. 6. As a safety measure, it is recommended that a cover for the fanbelt/pulley assembly 
be fabricated from a piece of sheet metal. Be sure to make the cover large enough to 

allow free movement of the fanbelt/pulley assembly, without obstructing the free 
movement of the rest of the project. 
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heavy rubber insulation on the cables 
made them too thick and heavy to 
connect directly to the terminals on the 
back of the alternator. So the author 
connected them to short lengths of the 
smaller, more flexible 10 -gauge wire 
(used in auto wiring). The ends of the 
wires are connected directly to the ter- 
minals on the alternator. Where the 
heavy booster cables joined the light- 
er wires, the author used metal straps 
to fasten them to the plank. 

If you plan to use the charger with 
much longer battery -charging lines- 
perhaps in a permanent cabin set- 
up-you'll need to use heavier insu- 

lated wire. For instance, you might use 

8 -gauge insulated copper wire for a 
run of up to 20 feet; 6 -gauge for 30 
feet; 4 -gauge for 45 feet; and 2 -gauge 
for up to 60 feet. For long wire runs, the 
fuse should be placed near the bat- 
tery, rather than on the charger's con- 
trol panel. 

A lot of current passes through those 
wires and there's quite a bit of vibration 
when the motor is running; so secure all 
connections well, using soldered or 
crimped connectors, or wire nuts or 
lugs. At places where the wire must 
make contact with a bolt -like terminal 
(as on the back of the alternator and 
ammeter), fasten a stud terminal to the 
end of the wire. The stud terminal will 

lie flat under the terminal nut. 

For convenience, a control panel 
(like the one shown in the photos) can 
be fashioned from a piece of sheet 
metal. The author used a drill and 
saber saw with a metal -cuffing blade 
to make cutouts in the panel for the 
ammeter and lamp sockets. The fuse 

and fuse holder are also mounted on 
the control panel, along with S1. 

After cutting the sheet metal to size, 

and making cutouts for the panel - 
mounted components, make a 90 -de- 
gree bend in the metal and screw 
the whole piece to one edge of the 
wooden plank. To give the set-up a 
neater appearance, some of the con- 
necting wires can be run under the 
plank, thereby lessening the clutter 
topside. 

Taking Charge. Once your generator 
is fully assembled, the procedure for 
charging a battery is as follows: Before 
starting the engine, connect the 
booster cables to the proper terminals 
on the battery, and start the engine. 
Adjust the tension of the V -belt by tight- 
ening the turnbuckle that secures the 
alternator. 

Place a tail -light bulb into one of the 
lamp sockets on the control panel. Flip 

the off/on switch to "on." If the meter 
shows a charge and the engine lugs 

down a bit, it's working! If more current 
is desired, add one or two more bulbs 
to the sockets on the control panel. But 

don't get too current hungry and over- 
load your rig. 

If the alternator seems to be over- 
heating or the motor is straining, either 
increase engine speed (to provide 
more cooling) or reduce the number of 
bulbs loaded into the sockets. 

Use. A high -current charging rate 
could damage a battery (warp plates 
or bubble away fluid) if fed to a single 
RV- or marine -type battery. That's es- 

pecially true if, due to the lack of 
monitoring, the battery is allowed to 
overcharge. 

Note the slight angling of the alternator 
and engine. If the alternator and engine 
were not mounted in that manner, a wider 
wooden plank would be needed to 
accommodate the assembly. 

With practice, one can judge, with 
acceptable accuracy, how long to let 
the engine run to recharge, say, a 50% 
depleted battery without damaging it. 
Don't let batteries run down com- 
pletely before recharging; recharge 
them when they're no more than 50% 
depleted. 

Use only one 12 -volt auto lamp, of a 
smaller wattage, in the control panel 
to reduce the charge rate. Monitor the 
recharging process carefully, watch- 
ing for excessive bubbling. If possible, 
it is best to charge two batteries at 
once; that divides the amperage that 
each battery receives. When recharg- 
ing small RV or marine batteries, it's 

best to recharge them at no more than 
20-amps-an even lower rate might 
be preferable. Caution: Do not use 

the Homemade DC Generator with a 
regular car battery; they aren't made 
for deep charging. 

Safety Precautions. Do not let chil- 
dren operate or play with the charger, 
and do not operate it unattended 
when children and pets are present or 

nearby. Use the sheet metal belt and 
pulley cover to prevent fingers, 
clothing, etc., from getting caught in 

the moving belt. Do not leave out or 
bypass the fuse in building the Home- 
made DC Generator. If you Won't be 
charging at above 30 amps, the 60 - 

amp fuse can be replaced by a 30 - 

amp unit, thereby providing better 
(quicker -responding) overload pro- 
tection. 

Do not use smaller sizes of wire than 
those mentioned and only use insu- 

lated wires. Bare wires if crossed could 
short-circuit and get red hot. If charg- 
ing batteries that are located in a 
house, do not operate the charger 
within that structure. Instead build a 
separate, simple fireproof shed for the 
charger 20-60 feet from the house and 
run long, heavy -gauge, insulated 
wires from the charger to the batteries. 
In such cases, the fuse should be 
mounted in or on the house, quite near 
the batteries. However, if you prefer a 
portable unit, with the fuse mounted 
right on the charger, you can always 
take the batteries outside the house to 
charge them with the portable unit. 

Cost Considerations. In building the 
Homemade DC Generator, the most 
costly items were: the engine, $65.00; 
ammeter, $17.76; booster cables, 
$6.99; metal brackets and control 
panel, $5.00; fanbelt, $4.15; pine 
plank, $3.61. In addition to the above, I 

spent another $37.01 for wires, termi- 
nals, bulbs, bolts and nuts, pulleys, 
turnbuckle, etc. The total for the entire 
project came to $137.52. 

I'm quite satisfied with the way the 
charger turned out. And even with just 
one bulb in the circuit, my charger 
turns out between 20-25 amps, which 
can always be increased if desired. If 

the engine wears out, simply find an- 
other cheap used one; ditto with the 
alternator. Try that with a factory -built 
generator. Yes, I'm pleased with my 
new 'toy," but it's a practical "toy"- 
one that I intend to put to good use for 
many years to come. o 
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Multiplier 
Build our audio filter and hear 

Morse code as clear as spring water! 

How would you like an audio fil- 
ter for Morse -code reception 
that's simple to build, uses 

easy -to -get parts, and yet can be 
tuned across the audio spectrum and 
adjusted from wide open to razor- 
sharp selectivity with the twist of a 
knob! If it sounds like something you 
could use, then read on. 

Recently, I stumbled onto the idea of 
combining two old-time circuits, the 
Q -multiplier and the Wein -bridge os- 
cillator, to make a very effective but 
simple audio filter. The Q -multiplier 
was a gadget a ham operator would 
use years ago to improve the selec- 
tivity of a receiver's IF stages through 
the use of controlled feedback. I found 
the same thing could be done with a 
Wein -bridge audio oscillator-a case 
of old Wein, new bottles! 

How it Works. The circuit for the 
Audio Q -Multiplier is shown in Fig. 1. 

Since the fitter is designed to be used 

BY LARRY LISLE, K9KZT 

ARTS LIST FOR THE AUDIO 
¡I -MULTIPLIER 

RESISTORS 
I fixed resistors are I/4 -watt, 5% 
nits.) 

Dua ICO,O(X)-ohm potentiometer 
(Radio Shack 271-173: or equivalent 

R2-100,000-Jhm potentiometer 
I5,000 -ohm 
2200 -ohm 
100,0(X) -.,hm 

ADDITIONAL PARTS AND MATERIALS 
-- 741 op- ìrnp, intrgra--ed circuit 
, B2 -9 -volt transistor -radio 
, ('2 -1).(X)56 -µF, 15 -WV 
polystyrene capacitor 

Double -pole, single- hrow swit 
T2-l,0(K) ohm ta 8 -ohm 

transformer 
nstock clips, flat -head screws, smal 

PC board, knobs, brackets fier 

ontrols, socket for IC, wire, solder, 
ottett board, etc. 

with any receiver having a low -imped- 
ance output, an audio -output trans- 

former (TI) is connected backwards to 
step up the impedance. 

The signal is then applied across the 
frequency -selective network consist- 
ing of RI, Cl, and C2 that acts accord- 
ing to the formula: 

f=1/(2iRC) 

At this point the selectivity, or "Q" isn't 
very good, but the signal now goes to 
the noninverting (+) input of op -amp 
UI, where it's amplified and a portion 
sent back to the input through the volt- 
age divider made of R4 and R5. 

As the gain of the op -amp is in- 
creased by adjusting P2, the selec- 
tivity of the circuit gets better and 
better because only a signal of exactly 
the right frequency can be transmitted 
completely around the loop without a 
change in phase. All others are attenu- 
ated. If the feedback is set too high, 
the circuit will oscillate, but normally it's 
held well below that point. 

(Continued on page 110) 
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Here are 
your free 

FactCards! 
Introducing Popular Elec- 

tronics FactCards. 
Each issue, Popular 

Electronics will present 3 
new FactCards, each deal- 
ing with one of a variety of 
electronics topics. Some 
will deal with electronics 
basics, some will deal with 
discrete components, some 
will deal with IC's, and some 
will deal with circuits and 
applications. 

All will contain the type of 
information electronics hob- 
byists need, but sometimes 
must search to find. With 
FactCards, you can find that 
information in a hurry. 

Clip your 
cards, 
save them, 
and start 
building 
your 
FactCards 
library 
today! 

PopularElectronics 

I` 

106 Popular FactCard LF412: 
Low Offset, Low Drift 

Electronics Dual JFET Op -Amp 
LF412 

METAL CAN PACKAGE 
+V 

OUTPUT A 

INVERTING 
INPUT A 

NON -INVERTING 
INPUT A 

INVERTING 
INrUTA 

OUTPUT B 

INVERTING 
INPUT B 

NON -INVERTING 
INPUT B 

NON - 

INVERTING 
INPUT A -V. 

5 

4 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 
Differential Input 

Voltage 
Input Voltage Range ± 19V 

Output Short Circuit Continuous 
Duration 

Power Dissipation 
Ti max 
0A 
Operating 

Temperature Range 
Storage Temperature -65°C<-TA<-150°C 

Range 
Lead Temperature 300°C 

(Soldering, 10 
seconds) 

LF412A 
- 22V 
- 38V 

H Package 
670 mW 

150°C 
150°C/W 

LF412 
± 18V 
- 30V 

15V 
Continuous 

N Package 
500 mW 

115°C 
160°C/W 

-65°CsTA150°C 

300°C 

107 
Popular 

nics FactCard Four Channel Mixer 
--31+ 

Cl 

FOUR CHANNEL MIXER 

100µF 

IN 1 

R9 

220K 
LOG. 

IN2 

R 0 

220K 
LOG. 

C2 

1 

R1 

220K 

R5 

C3 R2 
82K 

.1 220K 

I( 44Ai1r-- R7 

470K 
C4 

.1 

R3 

220K 

IN 3 IN 4 

1111 

220K 
LOG. 

C5 R4 

1 220K 

e'171 2 

220K 
LOG. 

C6 

100µF 

Cl 
10µF 

. 3 
1 IE 

4 

CA3140T ~ OUT 
S R6 R8 *gip, 

8.2K 5K 4 

H+9V 
S1 

ON/OFF 

GND 

108 Popular FactCard 4035: 
4 -Bit Parallel-In/Out 

Electronics Shift Register 
16 

rK3 04/14` 

TRUE/COMPLEMENT 
OUTPUTS 

RUE/ SERIAL 
OMPLEMENT INPUTS 
UTPUT 

qt _ T/C 
K 

1 12 ¡3 14 

FEATURES 

Wide supply voltage range 
High noise immunity 
Low power TTL 
compatibility 
4 -stage clocked operation 
Synchronous parallel entry on all 4 stages 
JK inputs on first stage 
Asynchronous true/complement control on all outputs 
Reset Control 
Static flip-flop operation; master/slave configuration 
Buffered outputs 
Low power dissipation 
High speed 

MI 9 

PARALLEL INPUTS 

4035 

RESET CLOCK NS__z 

3.0V to 15V 
0.45 VDD (typ.) 

fan out of 2 driving 74L 
or 1 driving 74LS 

5 µW (typ.) (ceramic) 
to 5 MHz 

APPLICATIONS 

Automotive 
r Data terminals 

Instrumentation 
Medical electronics 

Alarm systems 
Industrial controls 
Remote metering 
Computers 

ABSOLUTE MAXIMUM 
RATINGS 

VDD dc Supply Voltage - 0.5 to + 18V 
VIN Input Voltage -0.5 to VDD + 0.5V 
Ts Storage Temperature Range - 65°C to +150°C 
PD Package Dissipation 500 mW 
TL Lead Temperature (Soldering, 10 seconds) 260°C 

OPERATING CONDITIONS 

VDD dc Supply VOltage 
VIN Input Voltage 
TA Operating Temperature Range 

CD4035BM 
CD4035BC 

3 to 15V 
0 to VDDV 

- 55°C to + 125°C 
- 40°C to + 85°C 
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106 
Popular 

FactCard LF412:Low 
Offset, Low Drift 

Electronics Dual JFET Op -Amp 

DC ELECTRICAL CHARACTERISTICS 

ParameI Condlti ' F41 
eiP 

Units 

Input Offset 
Voltage 

Rs=10 kft 
T=25°C 

0.5 1.0 mV 

Average TC of 
Input Offset 

I Voltage 

Rs = 10 kit 7 7 
µV!`C 

Vs=í15V 
Input Offset 

Current 

T, = 25°C 25 25 pA 

T1= 70°C nA 

7,- 125°C nA 
Input Bias V .15V 

$T, Current = 25°C 50 50 pA 

T1= 70`C nA 

=125°C nA 
Input R.' °C 10t2 1012 It 

Parameter Conditions LF412A 
TYP 

LF41Ì 

TYP 

Large Signal 
Voltage Gain 

Vs = ± 15V, 
Vo = .10V, 
R1=2k, 
TA = 25°C 

200 200 

Over 
Temperature 

200 200 

Output Voltage 
Swing 

Vs = - 15V, 
RI_= 10K 13.5 13.5 

Input Common- 
Mode Voltage 
Range 

+ 19.5 _ 14.5 

- 16.5 - 11.5 

Common -Mode 
Rejection 
Ratio 

R5 -10k 100 100 

Supply Voltage 
Rejection 
Ratio 

100 100 dB 

Current 3 6 

PopularFactCard 
107 Electronics Rain Alarm 

RAIN ALARM 

C4 

100µF 

+1c 

C5 

220 µ F 

LS 
16 - 
80f2 

108 lbpular FactCard 4035: Parallel-In/Outa- 
Electronics Shift Register 

STATIC ELECTRICAL CHARACTERISTICS 

LIMIT at 
+25°C 
(TYP) 

UNITS V 
(Y) 

ViN 
(V) 

vor, 
(Vi 

iescent - 0,5 5 0.04 
Device - 0.10 10 0.04 

urrent, - 0,15 15 0.04 µA 

.o Max - 0,20 20 0.08 
- tput Low 0.4 0,5 5 1 

Sink) Current 0.5 0.10 10 2.6 
Min. 1.5 0,15 15 6.8 

tput High 4.6 0,5 5 1 mA 
Source) 2.5 0,5 5 -3.2 

Current 9.5 0,10 10 - 2.6 
la Min. 13.5 0.15 15 - 6.8 

CH AC- 
TERISTIC +25 C 

(TYP)(V) 

UNIT 
(0 VIN (0) 

Output Voltage - 0,5 5 0 

Low -Level - 0,10 10 0 

Vol_ Max. - 0,15 15 0 

Output Voltage - 0,5 5 5 

High -Level. - 0,10 10 10 

VON Min. - 0,15 15 15 

Input Low 0.5,4.5 - 5 - 
Voltage, 1.9 - 10 - 
V,,_ Max. 1.5,13.5 - 15 - 

Input High 0.5,4.5 -- 5 - 
Voltage 1,9 - 10 -- 
VIN Min. 1.5,13.5 - 15 - ;. 

Input Current - 
I,N Max; 

0,18 1 µA 

For new 
ideas in 
electronics 
read 

Radio - 

Electronics® 

During 
the next 
12 
months 
Radio -Electronics® 
will carry up -to -the 
minute articles on: 

hobby computers 
solid-state technology 
TV games Video 
color TV stereo 
test equipment 
radio 
radar detectors 
industrial electronics 
servicing 

TV -radio -stereo 
experimenter 

circuits 
exceptional 

construction j 
projects 

Don't take a 

chance on missing 
even one issue. 

Subscribe now 

and save! 

NEW IDEAS AND 
INNOVATIONS IN 
ELECTRONICS 

The newest Ideas and 
Innovations in 
electronics appear in 
Radio -Electronics®, 
Keep up-to-date) 

Subscribe Today! 
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PC Perfection 
PGS ULTRASYNC MONITOR. Man- 
ufactured by: Princeton Graphics Sys- 
tems, 601 Ewing St., Building A, 
Princeton, N) 08540. Price: $849. 

Princeton Graphics Systems has spe- 
cialized in producing top -shelf computer 
displays for IBM-compatible microcom- 
puters since Big Blue first introduced the 
IBM PC. The top of the company's com- 
puter -monitor line is the PGS UltraSync. 
The UltraSync is an example of the hottest 
monitor type in the world of microcomput- 
ers; the multiscanning monitor. Those 
units can take advantage of the analog 
IBM VGA (video graphics array) graph- 
ics -adapter standard, the CGA (color - 
graphics adapter) standard, as well as 
TTL- (transistor/transistor logic) digital 
signals. 

The VGA adapter takes direct control of 
a monitor's primary -color guns, the red. 
green, and blue (RGB). It uses rising sig- 
nal voltages, a system that results in di- 
rectly proportionate increases in bright- 
ness. As a result, a monitor with VGA 
capability can display up to 256 colors (out 
of a dazzling potential palette of 262,144 
colors). 

Multiscanning monitors can operate in 
at least 17 different video modes and, be- 
cause the UltraSync supports horizontal - 
scan rates as high as 35 kHz, it is likely to 
work with the advanced graphics adapters 
of the future. 

In the case of the UltraSync, good 
things undoubtedly come in small pack- 
ages. UltraSync's display -cabinet dimen- 
sions are 12.4- by 12.3- by 14.2 -inches. 
The compact case sits atop a sturdy, 
smooth -working tilt/swivel base. 

UltraSync is equipped with both RGB 
and analog inputs, using either DB -25 or 
15 -pin cable connectors. The cable pro- 
vided with the UltraSync is a generous 73 - 
inches long and is fully detachable for an 
added measure of flexibility. 

The UltraSync, as a multiscanning 
monitor, adjusts to a wide variety of dis- 
play cards. The monitor automatically rec- 
ognizes synchronizing signals from CGA 
(color graphic adapter), MDA (mono- 

chrome display adapter), EGA (enhanced 
graphics adapter), VGA, and HGA (Her- 
cules graphic adapters) standards, and ad- 
justs accordingly. In addition to all those 
IBM-compatible graphics standards, the 
UltraSync is fully compatible with the Ap- 
ple Macintosh II. 

UltraSync's control system provides for 
almost any conceivable adjustment or vid- 
eo mode. The power switch and the text - 
mode switches are positioned on the right- 
hand side of the cabinet. The brightness 
and contrast controls are on the left-hand 
side. The controls for vertical and horizon - 
tai position, and for horizontal and vertical 
sizing, are located on the back of the 
monitor cabinet, as is the control for se- 
lezting analog or TTL mode. 

The UltraSync has a complete series of 
settings for its elegant text -mode images. 
The text -mode button is very accessible, 
which makes it easy to cycle through the 
excellent variety of crisp, monochrome 

CIRCLE 30 ON FREE INFORMATION CARD 

text modes. 
The first is an extraordinarily pure 

white. Another press of the text -mode but- 
ton and the user is presented with regular 
monochrome green; then a smooth, true 
amber; and finally a cool cyan (blue) ap- 
pears. All of those text -mode, mono- 
chrome colors are displayed on a 
pleasingly deep, black background. 

The real gravy on all of this terrific tech- 
nical gadgetry is UltraSync's picture. The 
display images are as sharp as a paper cut 
and as bright as can be imagined. The 
rapier sharpness of this monitor is a direct 
result of its maximum resolution of 770 x 
570 pixels. 

In testing the UltraSync's luminosity 
GIZMO'S tester turned up the brightness 
level to its maximum. The result bordered 
on the painful. UltraSync, sporting a 
0.28mm dot pitch (an industry -wide pace 
setter), maintained a crisp, clear resolution 

(Continued on page 6) 
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Miniature 
Marvel 
AM(LW/MW/SW)/FM STEREO DI- 
RECT -ACCESS WORLD -BAND RADIO 
KIT (ICF-SW1S). Manufactured by: 
Sony Corp. of America, Sony Drive, 
Park Ridge, NJ 07656. Price: $399.95 

For anyone on the go who seeks a light- 
weight, miniature all -band clock/radio, 
it's difficult to imagine a more ideal unit 
than the Sony ICF-SW1S. This, the most 
diminutive of Sony's World Band Radios, 
comes with an active antenna, head- 
phones, a multi -voltage A/C adapter, and a 
shortwave listening guide-all packed into 
a 9- by 11 -inch carrying case. 

The radio itself is an ultra -compact, 8 - 
ounce marvel that's only a little larger than 
a cigarette pack, yet boasts AM, FM, and 
FM -stereo: 14 shortwave bands; digital 
tuning; scanning; ten -station memory; an 
alarm clock; and sleep functions. Re- 
markably, the sound and performance of 
this miniature receiver matches that of 
conventionally sized radios. 

Finished in charcoal gray and matte 
black, the radio features a direct -entry tun- 
ing keypad (resembling a telephone -style 
keypad) with manual tuning switches oc- 
cupying the right half of the unit, just 

beneath an easily readable 2- by 1/2 -inch 
liquid -crystal display. With the radio on, 
the LCD shows the tuned frequency. With 
the power off, it displays the time and 
status of the alarm and sleep features. The 
radio's design is practical, and all func- 
tions are clearly labeled. 

One nice touch is the telescoping 20 - 
inch antenna, which folds completely in- 
side the radio, protecting it against possi- 
ble damage in transit. An antenna that 
short would normally be barely adequate 
for good FM reception. Yet, when we test- 
ed it in Manhattan, the ICF-SWIS 
effortlessly pulled in the BBC and Radio 
Denmark (among dozens of overseas 
broadcasts). With the supplied 40 -inch 
telescoping external antenna attached, re- 
ception was flawless. 

Coverage extends from 150 kHz (just 
below the AM dial) to 29.995 MHz, 
across 14 pm -defined bands -11, 13, 16, 
19, 21, and 25 meters-with additional 
coverage in the 31, 41, 49, 60 75, 90, and 
120 meter bands. In short, this tiny Sony 
will pick up just about any shortwave 
transmission. 

The included guide book (entitled The 
Wave) contains a wealth of information 
pertaining to international shortwave 
broadcasting. Dozens of stations, times of 
transmission, frequencies, and types of 
broadcast are listed in a well -arranged, 
easily accessible fashion. 

5 2 Page 2,GIZMO 
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The ICF-SWIS is an excellent AM/FM 
radio for normal everyday domestic use; its 

10 memories can be used to store favorite 
AM/FM/shortwave stations, placing them 
just a fingertip away. The FM sound is 

surprisingly rich -crystal clear, consider- 
ing the size of the speaker (about 3- by I - 

inches) but don't expect a lot of bass 
from a unit this size. A filter setting on the 

side of the radio shapes the sound for 

"news" or "music." In the "news" posi- 
tion, treble is cut pack somewhat to reduce 
the hiss that is typical of shortwave speech 
transmission. Adjusting alarm and clock 
times is as simple as pressing the "alarm 
set" or "time set" buttons and simulta- 
neously pressing the tuning button until 
the desired time appears. 

Sony says the radio will operate for 

about 12 hours on two "AA" alkaline bat- 
teries. But we clocked it at closer to 16 

hours. 
The ICF-SWiS comes equipped with a 

number of useful accessories, including a 

universal power supply that automatically 
adjusts itself to 110 or 220 volts, and fea- 

tures an adapter plug that fits most Euro- 
pean outlets. Also included is the 
aforementioned 40 -inch telescopic anten- 
na (AN -I0/), which features a built-in am- 

plifier for greater signal -pulling power. 
The antenna module is an important ac- 

cessory, as it vastly improves the already 
excellent reception. Four "AA" cells 
power the antenna, which is intended to be 

propped in a window and swiveled to the 

best reception position. A small suction 
cup holds the antenna in place, and a 12 - 

foot cord easily strcches from the antenna 
to, for example. a be'f' ice table. .A cable of 
that length could be a nuisance to fold up, 

hut Sony's practical design includes a 

winder that retracts it into the antenna 
base. 

Traveling with the ICF SWIS, we be- 
gan to appreciate its small size as much as 

its quality, especially when luggage space 
was at a premium. We've used this radio to 
monitor our favorite shortwave broadcasts 
from hotels across the country, in Mexico, 
and in Canada. It performed the task beau- 
tifully-and never failed to get us up when 
the hotel wake-up calls didn't come 
through. At its suggested retail price (or 
even at discount prices) this radio might 
not fit everyone's budget. But if mini atnr, 
is a must, then so is the ICF-SW!';_ 

Station to 
Station 
REALISTIC SELECTACOM THREE - 
CHANNEL WIRELESS FM INTERCOM. 
Manufacturer: by: Radio Shack Divi- 
sion, Tandy Corp., One Tandy Center, 
Fort Worth, TX 76102. Price: $99.95. 

What attracted us to the Realistic Selec- 
tacom three -channel, wireless, FM inter- 
com was its sheer simplicity_ (In our home, 
there are family members for whom any 
electronic feature beyond "on/off" creates 
a state of high anxiety.) We were in dire 
need of some kind of intercom. Too much 
time was being wasted walking up and 
down stairs to get answers to simple ques- 
tions. After looking at a number of inter- 
com models and brands. we settled on the 
Selectacom when the sales person gave us 
this succinct summary of its installation: 
"Just plug it in.,' Once purchased, it took 
us 30 seconds to explain the workings of 
the Selectacom system to those who would 
be using it (including a five -year -old) --a 
big plus for the non -technologically in- 
clined. 

The Selectacom works by sending an 
FM signal through the house's for office's) 
electrical wiring. The system comes with 
three stations and provides drastically re- 
duced line noise and interference because 
it uses frequency -modulation. In use, 
there was no buzz. as is sometimes heard 
on such communication devices; the unit 
is blessedly silent until a call tone or mes- 
sage is received. 

Each station is a little bigger than a thick 
paperback book, and not much heavier (15 

ounces). No batteries are necessary, as the 
Selectacom system draws its power from 
the outlet to which each station is con- 
nected. 

To talk to somebody at another station, 
the user first presses the "call" button. 
That produces a short signal beep. Then 
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the user presses the station "talk" bar and 
begins speaking. The talk bar can be lock- 
ed on for hands -free operation. 

To receive, the user has to disengage the 
talk bar. The station cannot receive a mes- 
sage while locked into the talk position. 

A feature not mentioned in the instruc- 
tion booklet is the system's eavesdropping 
potential. When nobody is around. a user 
so inclined could just leave the talk bar in 

the locked position and listen in from an- 
other station. One use for that would he to 
monitor a youngster's bedroom or play 
area. 

The signal-to-noise ratio is given as 40 
dB at 20 mV. Each station can operate on 
one of three separate channels-at 160 

kHz, 200 kHz, and 230 kHz. That means 
you can have three separate communica- 
tions networks. 

We have the home office on channel A, 
the kitchen on channel B. and a basement 
workshop on channel C. The office can 
talk to the kitchen by setting its selector to 

B, or to the workshop by setting the selec- 
tor to C. If A calls B. it will not be heard on 
C. Additional intercom units can be pur- 

chased and added to the original trio of 
stations, although further stations will 
only be able to operate on the same three 
channels. For conference -style calls, the 
originating station instructs all parties to 
switch to the same channel. Everyone can 
then hear the message, although only one 
participant can talk at a time. If two sta- 
tions attempt to talk at the same time or 
the same channel the result is likely to be 
a loud electronic squeal. 

The stations can be installed anywhere 
as long as they're connected to the sate 
power line (or, as the instructions express 

it. the same "power -distribution trans- 
former" ) The stations can be separated 
from each other by distances of up to 300 
feet. Each unit has a squelch control in 

ease there's a hissing sound when listen- 
ing. The squelch control is factory set far 
maximum performance. if, however, _I 

bothersome hissing is heard, the contre -f 
can be adjusted through an access hole L- 

the bottom of each station. The t"' tieits can 
be wall -mounted. although we like the 

portability of being able to plug them into 
any available electrical outlet. W 
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Synthesizer 
A -Go -Go 
E;REAKAWAI' MUSIC SYSTEM VO- 
CALIZER 1000. Available from: The 
Sharper Image, 650 Davis Street, San 
Francisco, CA 94111. Price: $299. 

Many music fans have fantasized at one 
time or another about standing on stage. 
microphone in hand. and running through 
a few tunes to the cheers of an adoring 
crowd. With Brealun.rzv Music SVsree t' 
Vocalizer 1000, an approximation of that 
fantasy can be achieved-although the 
user will probably never produce a Top -40 
hit on the synthesizer -like recording de- 
vice. In terms of technology, the Vocalizer 
1000 is an introduction to the digital syn- 
thesizers and sampling devices that have 
revolutionized the production of music in 
the past decade. 

The Vocalizer 1000 works like a stan- 
dard synthesizer, but instead of hitting a 
keyboard. the human voice is the key- 
stroke that activates an array of instru- 
ment -like sounds. The sounds can be 
recorded and monitored. or rerecorded for 
a I isered sound. Once the device is master- 
ed. the Vocalizer 1000 and its user can 
sound quite professional. 

Aside from the novelty factor. the ad- 
vantage of using the voice instead of a 
keyboard is that the amateur music maker 
doesn't need to learn keyboard technique 
to make music. The userdoesn't even need 
a sense of pitch. although it helps to be 
able cam a tune. According to the de- 
yice's instruction manual, "The Vo - 
Photo The Sharper Image 

calizer's patented voice guide technology 
helps you stay in tune." However, that 
feature works only in conjunction with the 
"SmartSong" cartridges described below. 
Built-in demonstration sequences (acti- 
vated with the "demo" button) clarify 
various aspects of the device's capabilities 
and functions, guiding the novice. The 
Vocalizer's LCD also guides use, con- 
firming selected options and indicating 
steps and programming choices-much 
like a VCR's "on -screen programming" 
or a computer program's instructional 
cues. 

Using the Vocalizer 1000's 28 -instru- 
ment selection keypad, an instrument is 
chosen: the clarinet, for example. The user 
then hums into the handset microphone 
from about an inch away at a normal - 
speaking volume level and the synthesizer 
converts the hum into a sound like a clar- 
inet. To keep the humming private, a per- 
sonal mouthpiece can be used. 

A total of 28 instrumental sounds are 
programmed into the system, with "doz- 
ens more available though add-on instru- 
ment sound cartridges." Those can be 
further enhanced with standard syn- 
thesizer stereo effects like echo, harmony. 
slide. octave switches, and varying vol- 
ume levels. 

The Vocalizer 1000 also features a series 
of what the manufacturer. Breakaway 
Technologies, Inc.. calls "Smart - 
Songs" -50 programmed patterns that 
provide background accompaniment in 
rock, country, Latin. soul, blues. and reg- 
gae styles. With the unit's digital recorder. 
and using the editing and overdubbing ca- 
pabilities of the device, a complete com- 
position can be produced. 

But all that is instrumental effect. mak- 
ing the name of the system a bit of a 

misnomer. The only way to add a vocal 
track to a Vocalizer composition is by con- 
necting an audio -cassette recorder to the 
device with an "audio -out" cable (in- 
cluded with the Vocalizer) plugged into 
the deck's line or microphone input. The 
user then sings into the tape -deck micro- 
phone, along with the Vocalizer's already 
recorded instrumental tracks. 

Although a mostly -for -fun device, the 
Vocalizer 1000 is anything but unsophisti- 
cated. The unit incorporates MIDI (musi- 
cal instrument digital interface) tech- 
nology that allows it to be connected to 
another synthesizer. or to another Vo- 
calizer. Further, the Vocalizer can be con- 
trolled by external MIDI -equipped de- 
vices. The system itself features a multi- 
track digital recorder (MDR) capability. 
Its cassette bay takes not only the 
"SmartSong" and additional instrumen- 
tal -sound cartridges. but blank cassettes 
(for recording) as well. 

In our brief session with the Vocalizer 
1000, we ran into a few problems; most of 
them were anticipated by the well -written 
and -organized instruction manual. It took 
some practice to find the right timing. Sus- 
taining the voice and changing the tone, as 
suggested by the manual's "tips on vo- 
calizing." had a much better effect than 
heeding the more natural tendency to stop 
and start. 

Another problem is one that musicians 
have long been familiar with-it is hard to 
hear what is being produced at the time of 
production. The built-in 31/2 -inch speaker 
gave sufficient sound. but it was confusing 
to hear the notes as we were humming 
them; the tendency was to stop to listen, 
forgetting to make new notes. There is also 
a slight delay between the vocal input and 
the instrument sound being generated. Vo- 
calizing at a higher pitch minimizes that 
delay. 

The Vocalizer that we used wasn't long 
on clarity; all the synthetic instruments 
sounded similar. Even with the unit's 28 
programmed options, it was hard to tell 
which instrumental sound was being pro- 
duced. The instruction manual indirectly 
alludes to this, suggesting, "for the best 
sound quality, plug the Vocalizer into your 
home or portable stereo." 

The Vocalizer 1000 draws power from 
six "C" batteries or an included AC adapt- 
er. The ten -note polyphonic and poly- 
timbral synthesizer samples in stereo over 
a 7 -octave range and can be tuned up or 
down a quarter tone. 

The instruction manual is a helpful 
guide to the myriad options, but the best 
way to learn the Vocalizer is probably 
through trial and error. Like full-size syn- 
thesizers, the Vocalizer 1000 is more easi- 
ly demonstrated than described. The 
Vocalizer may not launch many musical 
careers (then again, we wouldn't bet on 
that), but for someone looking to have 
some fun with music, the Vocalizer is an 
easy -to -play instrument in itself. 

54 Pace 4 GIZMO 

AmericanRadioHistory.Com



VCR Vision 
TOSHIBA VIDEO CASSETTE RECORD- 
ER (M-6275). Manufactured by: 
Toshiba America, Inc., 82 Totowa 
Road, Wayne, NI 07470. Price: $450. 

Video -cassette recorders have become a 

staple of home entertainment in a sur- 
prisingly short time. Interestingly enough, 
the time frame corresponds pretty closely 
to the period in which it took the television 
to move from an esoteric luxury item to 

America's favorite home appliance. It's 
also interesting to note that the VCR was 
an established fact of electronic life in 
British and French households some time 
before the device fully penetrated the U.S. 
consumer market. That is due largely to 
the fact that U.S. broadcast TV is more 
varied than European television (or at (cast 
it was in the early years of home video). 
With fewer viewing options available, 
home taping enabled Europeans to view 
favorite programs at a time of day most 
convenient to them. 

VCR's, of course, sparked an entire 
new service industry-video cassette 
rental-but the devices' most basic use is 

still as an adjunct to broadcast television. 
With a VCR, TV is removed from its re- 
lentless real-time broadcast mode and 
made to conform to the viewer's personal 
schedule requirements. VCR owners can 
reshape entertainment time in their own 
homes. Since TV works as mass media on 
its most gargantuan scale, when enough of 
the population owns VCR's, it has an im- 
pact on the TV industry itself. 

That impact can be seen in both the TV 
and advertising industries' concern over 
the audience's ability to bypass commer- 
cial messages (with the VCR's "fast for- 
ward" control) and in the shrinking 
network -TV audience, as recorded by rat- 
ing surveys. The home -video revolution, 
in tandem with the growth of cable opera- 
tions and viewership, is reshaping the tele- 
vision industry on a scale and at a rate that 
few could have predicted some years back. 

When a nation of TV viewers can stop 
time as they please, develop their own pro- 
gramming packages, and even ignore elec- 
tronic mass media entirely, then the video- 
cassette recorder has clearly arrived. The 
VCR takes decision -making out of the 
control of programmers and advertisers 
and places it directly into the remote -con- 
trolling hands of the viewers themselves. 

For that to happen, of course, VCR's 
must be inexpensive enough to fit the aver- 
age TV fan's budget, and over the years 
that's exactly what's happened. It's possi- 
ble to find an extremely capable machine 
for under $500-and we're not referring to 
those retread models being pitched on the 
various home -shopping channels. 

Case in point: A major electronics retail 
chain advertised the Toshiba M -ñ2275 for a 

CIRCLE 34 ON FREE INFORMATION CARD 

price hundreds of dollars less than the 
manufacturer's suggested retail price. 
Armed with the newspaper ad, we went to 
the store determined to take advantage of 
this bargain, only to be told the model was 
temporarily out of stock. Since this was on 
the first day of the sale, we recognized the 
ploy that's sometimes called "bait and 
switch." Get the consumer into the store 
by advertising an extraordinary value, then 
switch his or her attention to a less -dis- 
counted unit. We insisted that the store live 
up to its newspaper advertisement offer. 
The salesperson claimed that there were 
none left, except for the display model. 
"Fine," we said, "we'll take it." 

After having lived with the M-6275 for a 

few months, we're glad that we were feisty 
enough to demand the advertised special. 
Although this is the lowest priced of 
Toshiba's current line of VCR's, it is a 

solid machine, loaded with the features 
that a few years back were available only 
on top -of -the -line models. In our experi- 
ence, this particular VCR is a splendid 
piece of electronics that performs as well 
as many higher -priced machines. 

We particularly appreciate its ease of 
operation. As soon as any cassette is inser- 
ted into the front -loading HQ machine, the 
power goes on automatically. When a pre- 
recorded tape is loaded, the power goes 
on, then the cassette is automatically 
played and rewound. After the tape 
finishes rewinding, the machine shuts off 
automatically-especially useful for those 
viewers with a tendency to doze off during 
home -video presentations. 

The unit's two-way picture -search func- 
tion allows the user to speed up or play 
back both forward or in reverse at 5 times 
or 15 times the normal playback speed. 
Still -frame and slow-motion functions 
also perform at a level surprising in a 

lower -priced VCR. 
A "one -touch" control makes it easy to 

record manually, and there's a 14 -day, 4 - 
program timer for unattended recording. 
In contrast to some other brands on the 
market, this unit's remote control can't be 

used to activate or set the programmable 
timer. A channel -preset function allows 
the storage of up to 16 channels and the 
remote's channel -select buttons will auto- 

matically bring up any of those presets. 
Slow tracking via the remote is possible 
only if the machine is set on the extended- 
play mode. The unit's 20 -function remote 
controller will work at a distance of not 
over 23 feet from the VCR and it must he 
within an angle range of 30 degrees from 
the machine's infrared receptor (located in 

the center of the VCR's front panel" be- 
tween the LCD display and the cassette 
compartment). In our use, the remote pro- 
vides plenty of control, powered by the 
usual two "AA" batteries. 

The controls hidden behind the VCR's 
front -panel door (beneath the LCD) in- 

clude both tracking -adjustment and pic- 
ture -sharpness controls; the latter is a re- 
finement we had not seen on earlier 
VCR's. It is operational during both re- 
cording and playback. 

Another update is the unit's "voltage 
synthesizer" (VS) PLL tuner. Not so 
many years ago, tuning a VCR was a la- 

borious process of individual fine -timing 
adjustments for each UHF and VHF chan- 
nel. The M -6275's VS tuner "automat- 
ically locates and tunes channels." All the 
user does is press the tuning buttons. 

The unit's counter functions also offer a 

couple of useful refinements. The "coun- 
ter memory button," according to the 
manual, "programs the beginning of a cer- 
tain program into the VCR's memory so 
that the tape begins playing at the desig- 
nated location automatically when re- 
wound or fast -forwarded." The usual 
counter display, with the press of a button, 
will indicate time elapsed on the cassette. 

According to Toshiba, the M-6:75 is 

"122 -channel cable compatible." Our ca- 
ble service offers roughly half that number 
of channels, so we haven't pushed the 
unit's cable compatibility to the limit. 

As both a recording and a playback ma- 
chine, the M-6275 has worked just the way 
we wanted it to-consistently, flawlessly, 
and automatically. At this stage in VCR 
use, those once miraculous machines are 
like televisions in that most consumers 
want merely to plug them in, turn them on, 
and then never have to think about them 
again. In that regard, the M-6275 is both 
silent and invisible-and that's definitely 
what the VCR revolution is about. 

CC; 
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Travel Alarm 
ARKON PORTA -GUARD PORTABLE 
MOTION ALARM (PP -700). Manufac- 
tured by: Arkon, 11627 Clark St., Suite 
101, Arcadia; CA 91006. Price: $59.9.5. 

Watching the local news any evening. or 
reading the front page any morning, is 
enough to make anyone security con- 
scious. Some might eves ese the word 
"paranoid." While elaborate security sys- 
tems and devices are a fast-growing cate- 
gory of electronic products, some 
manufacturers are also trying to make such 
items available in lower price ranges. One 
hardly has to be wealthy to fear intruders 
or crimes against property. 

The Arkon Porta -Guard Portable Mo- 
ticn Alarm is one example of a product that 
tries to assuage some of those fears at a 
reasonable price. At eight ounces, and just 
a little bigger than 4 by 5 inches. this 
compact motion alarm could easily fit into 
a suitcase or even a briefcase. For trav- 
elers, it can afford some peace of mind, or 
at least a warning if an intruder enters the 
user's hotel room. Needless to say, the 
Porta -Guard can provide the same warning 
protection at home. 

Before describing how the Porta -Guard 
operates, let's point out what this device is 
not. It is not an alarm unit that will beep so 
loudly that neighbors will notice it; nor 
will it attract the attention of police cruis- 
ing by. 

What it will do is give notice that some- 
body just entered the area it covers. As a 
matter of fact, another use for the Porta - 
Guard is as a chimer to let a store owner 
know when a customer has come in. Or it 

cart be used to keep track of youngsters 
running in and out of the house. 

The Porta -Guard works by using a 
"pyroelectric sensor," which (we believe) 

is an infrared beam -style detector. It has a 

30° horizontal and 15° vertical field of 
coverage, which translates to a detection 
area measuring approximately 8 by 15 

feet. Those dimensions are interchangea- 
ble, depending on whether the unit is 
placed flat or on its side. If desired, the 
device can be wall -mounted. If installed 
on a wall, the device's sensor -angle selec- 
tor is set accordingly, orienting the field of 
coverage horizontally. if placed flat, the 
selector should be set to "table top." 

The Porta -Guard operates on one 9 -volt 
and two "AA" batteries, although it can 
also be powered by a 12 -volt AC/DC 
adapter (not supplied with the unit). The 
Porta -Guard produces three types of warn- 
ings if it detects motion-a light, a chime, 
or an alarm. The light, a 2.5 -volt, 300 -mA 
screw -in type, is small, but very bright. 
The alarm is a piercing, insistent beep. 

The detection area is basically cone 
shaped, with the widest area of coverage 
the farthest away from the unit. The alarm 
should be placed so that an intruder would 
cross the front of the detection area. in- 
stead of walking toward or into it. Also, 
the unit does not seem to operate at peak- 
coverage efficiency if there are large ob- 
jects --such as a sofa or other furniture- 
in the detection area, because they block 
the infrared beam. 

To activate the unit, the user sets the 
mode selector to "light," "chime," or 
"alarm." Then the user waits for 30 sec- 
onds before .walking in front of the Porta - 
Guard to trigger it and to check that the 
alarm or chime is properly set. When test- 
ing the light, the user has to darken the 
room or cover the light sensor on the unit 
with black paper. The chime sounds for 
five seconds, the alarm for 30 seconds; the 
light stays on for a full minute. 

In a hotel or home bedroom, the light 
option, besides its security function, is 
supposed to give the user automatic 'il- 
lumination when getting up at night. 

There's also a switch that enables the unit's 
light to be used as a flashlight. 

We found that the Porta -Guard does in- 
deed swiftly detect motion. It was so good 
at its function that it alerted us to the move- 
ment of our two cats as they ambled past it 
at night. After a lacy such late -night false 
alarms, we di tided that the best use for the 
unit was in a hotel room. 

We also used the unit in conjunction 
with a ht.'usehold intercom system to pro- 
vide sonic security in a workroom sepa- 
rated from the main living area of our 
home. Worried about break-ins we set the 
intercom on the talk position, and then 
placed the Porta -Guard in the workroom, 
near the entrance. The intercom would im- 
mediately pick up the device's alarm. 

We have taken the Porta -Guard with us 
on a few out-of-town trips, using it in motel 
and hotel rooms. We are glad to report that 
we haven't had to find out if it works in a 
real -life emergency situation, although its 
psychological effect when sleeping in a 
strange room is not to he discounted. 

Electronic -security gizmos are great as 
far as they go. But what the Pon a-4 inard's 
instruction manual doesn't explain is what 
to do when the alarm sound, end you're 
face-to-face with that intruder There re- 
main some situations that no amount of 
technology can cope with. UM 

PC PERFECTION 
(Continued from pube I) 

on all characters even at that very intense 
brightness level. 

There was no fringing ,lors-the 
presence of extraneous colors -around 
characters or along the long edges between 
color areas. Linear distortion was non-ex- 
istent. The colors genrrared ttrr v ihrant 
and very true, especially white 

It seemed amazing that the UltraSync's 
image was always pertèctl centered with- 
in a constant 78 -inch border. Inwaverinc 
exactitude of that nature speaks well rl the 
engineering that went into this prone .:t 

Also indicative of quality engineering is 

the fact that 1 thraSvnc's automatic ver- 
tical -sizing features handled all video 
mode changes without a hitch. 

The UltraSync is not perfect. We did 
note that as the brightness levels increased 
toward the painful state described above, a 
fair amount of blooming occurred: that is, 
an increase in image size as brightness 
levels increase (caused by an increase in 
deflection of electron beams tracing on a 
display screen). The image also noticeably 
softened in the display's corners. 

All in all, however. GIZMO found that 
the UltraSync offers fine value at its price. 
Perfection isn't often possible, even in the 
rarefied field of contemporary computer 
technology. But as an approximation of 
that state. the t ltraSync tonic's close 
enough to remind us of the elusive pos- 
sibility. 
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For more information on any 
product in this section, circle the 
appropriate number on the Free 
Information Card. 

Telephone Outlet System 

Ili tplo.ion in cordless -telephone use is not without its dra backs. The 

ab,ene :)1 problems with batteries, weak signals, noise. and other interference 
make the Phonex System from Phonex Corp. (P.O. Box D, Provo, UT 84603) a 

useful way to expand telephone access in household or office areas not covered by 
conventional phone outlets. The Phonex system consists of a small base unit and a 

remote extension unit that plugs into any electrical outlet and converts it to a phone 
jack to which any ordinary telephone can be connected. The company says 

Phonex "provides clear communication because the audio signals from the 

telephone and phone lines are converted to radio signals, which are transmitted 
between the units over regular AC wiring." Price: $129.95. 
CIRCLE 36 ON FREE INFORMATION CARD 

Remote Control Relay System 

With the accumulation of more and more electronic entertainment equipment, 
the sophisticated electronics consumer has been putting more components in 

cabinets to reduce visual clutter. With that solution comes the new problem of how 

to control all the gadgets inside the cabinets. One answer is the Hidden Link 
Remote Control by Xantech/Videolink (12950 Bradley Ave., Sylmar, CA 91342). 
The system utilizes the component's existing remote control, which is connected 
to a small hidden -link unit mounted on top of a cabinet. As the box receives the 

infrared signal from the remote control, it simply transfers the signal via normal 
speaker wire to a pair of infrared LED's inside the cabinet, which relay it to the 
component. The doors remain closed, keeping the system out of sight. The 
Hidden Link system is smaller than a cigarette pack and is easily installed. Price: 
$49.95. 
CIRCLE 37 ON FREE INFORMATION CARD 

Portable Personal Copier 
For the business person on the go, the Transportable Personal ('opier (Z-30) by 

Sharp Elec rn mice Corp. (Sharp Plaza, Mahwah, NJ 07430) has a handy carrying 
handle and weighs less than 25 pounds. The machine, Sharp says, "is designed for 
use by students, home office workers, and small businesses." It features automat- 
ic exposure, can make 4 copies per minute, and up to 9 continuous copies. Warm- 
up time is just 20 seconds and the user can stack up to 50 sheets at a time in the 
unit's stack paper feeder. Copies can be made to a maximum of 8/- by 11 -inches 
to a minimum of 2- by 31/2 -inches. Price: $4,799. 
CIRCLE 38 ON FREE INFORMATION CARD 

Video -Game Joystick 
If your Atari and Commodore video games have been getting a workout lately it 

might be time to pick up a new joystick. Hopp Controls (1251 Pagni Drive, Elk 
Grove, IL 60007) is offering the Competition Pro Joystick (300X). It comes with a 

two-year warranty and features top and trigger -fire buttons along with dual base - 
fire buttons. The Competition Pro can also be used as a second joystick on game 
systems that allow dual control, so the game players can battle it out side by side. 
Price: $9.95. 
CIRCLE 39 ON FREE INFORMATION CARD 

Sound Re -equalizer 
You're planning a party and want to make tape from old record.. You have 

78's, 45's, and even ancient broadcast transcript ins and you want it all to go 
through your contemporary stereo system without sounding like so much audio 
mush. Try the Esoteric Sound Re -equalizer from Esoteric Sound (4813 Wallbank 
Ave., Downers Grove, IL 60515). The company says that the unit compensates 
"for the many different recording curves of the mono era" and will clear up 
everything from old 78's to early dual -groove stereo discs. The company also says 
that it solves the problem of compensation for gross frequency distortion, while 
compensating for over-miking and excess noise. The unit comes with four pages 
of compensation settings to accommodate any vintage record. Price: $225. 
CIRCLE 40 ON FREE INFORMATION CARD 

Phonex Telephone -Outlet System 

Videolink Remote Contrcl Relay System 

... : 
en. 

Sharp Portable Personal Coper 

Happ Controls Video -Gen -e Joystick 

Esoteric Sound Re -equalizer 
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Hitachi Automotive LCD Television 
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Haverhills Electronic Scoreboard 

Nissei Five -in -One Fax Machine 

For more information on any 
product in this section, circle the 
appropriate number on the Free 
Information Card. 

Automotive LCD Television 

Two activities that rank among the favorite pastimes of Americans are driving 
cars and watching television. Now, a new product from Hitachi Sales Corp. of 
America (401 W. Artesia Blvd.. Compton, CA) should make it possible to safely 
combine the two. The firm calls its 5 -inch Automotive Color LCD Television the 
first of its kind. It uses a dual -antenna system and a diversity tuner to assure 
"perfect broadcast reception, even in a moving vehicle." The LCD screen has 
115,200 pixel elements, providing 480 lines of horizontal resolution and 240 
vertical lines. The tuner is able to switch between inputs up to 60 times per second. 
And don't worry about driving while the set is on. Hitachi has designed a special 
interlock that permits only audio while the car is in motion. In vehicles in which 
the screen is not visible to the driver (as in the back seat of a limousine), the 
interlock can be circumvented. In announcing the product, a spokesman for 
Hitachi pointed out, "the future applications of a 5 -inch color TV in the car will 
likely he in the areas of navigation, instrumentation systems monitoring, and CD - 
V." Currently available in Japan, U.S. market introduction might come later this 
year. Price: To be announced. 

CIRCLE 41 ON FREE INFORMATION CARD 

Electronic Scoreboard 
You'll know the score instantly and electronically with this handsome addition 

to the basement ree room or the backyard basketball court: the Electronic Score- 
board, available from Haverhills (131 Townsend St.. San Francisco, CA 94107). 
This home scoreboard looks like the real thing, with a big LCD display for the 
score. Entries are made at the push of a button and a buzzer acknowledges the 
inputs. It plugs into any AC socket and comes with wall mounts. Any game with 
two teams can be scored. The totals will be easy to read on this 14 -inch high by 22 - 
inch wide by 3 -inch deep electronic scoreboard. Price: $199.95. 

CIRCLE 42 ON FREE INFORMATION CARD 

Five -in -One Fax Machine 
Home-oftice work often demands a variety of task,. in a limited work space. The 

Five -in -One Facsimile Machine from Nissei Elei.tric USA (3 Reuten Drive, 
Closter, NJ 07624) helps save space by combining numerous functions in one 
multi -purpose unit. It's a fax machine, a scanner, a printer, a photocopier. and a 
modem-all in one. The machine connects to a personal computer through the 
RS232C port, and is compatible with IBM XT/AT's and CCITT Group 3 fac- 
similes. The user can send ASCII files directly from the PC, or from hard copy fed 
into the Five -in -One for transmission. It can send the same message to several 
locations in sequence, can scan and store, can preset the fax to be used during low 
telephone -rate periods, and can trace all fax activity. The machine offers fax -to - 
fax, computer -to -fax, fax -to -computer. and computer -to -computer communica- 
tions. It uses Paintbrush and WordStar programs and others are being tested. 
Price: $2,999. 

CIRCLE 43 ON FREE INFORMATION CARD 

Listening Device 

It might look a, if the user is quietly listening to a portable radio but, in reality, 
he could be listening in on a conversation from across the room. The Listenaider 
II, available from The Sharper Image (650 Davis St., San Francisco. CA 94111), 
slips into a shirt pocket and, according to the catalog, "literally gives you super 
hearing." The device can pick up a whisper from 25 feet away and amplifies it 
using the microchip circuitry inside the small case (just 4 inches high. weighing 3 
ounces.) In addition to listening in on conversations, the device is useful for 
people with hearing problems. The Listenaider can help users hear better in 
movie theaters or while watching television. The device includes headphones and 
uses a 9 -volt battery. Price: $59. 

Sharper Image Listening Device 
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For more information on any 
product in this section, circle the 
appropriate number on the Free 
Information Card. 

ELECTRONICS WISH LIST 
Wall -Mountable Music System 

Short on space but long on style? The new Wall -Mountable Music System from 

Bang & Olufsen o,1 America . Inc. (1150 Feehanville Dr., Mt. Prospect, IL 60056) 

may be just what the interior decorator ordered. The remote -controlled Beosystem 
4500 incorporates a receiver, a CD player, a cassette recorder, and a turntable and 

is finished in mirrored aluminum and black plexiglass. According to Bang & 
Olufsen, "music from the 451x) can be transported to additional rooms by 

installing Master Control Links and adding speakers in either passive or powered 

versions Price: `2_(19X_ 
CIRCLE 45 ON FREE INFORMATION CARD 

Clock Calendar 
Wondering what day of the week your 100th binhday falls on? Or worried about 

waking up at 7:30 tomorrow morning? The Generation Calendar from Syncronics 
(Hanover, PA 17333) answers both needs. It's an electronic clock/calendar that is 

preprogrammed for the next 40 generations and it also tells the current date, time, 
and day. It allows the user to set 16 different alarms, including one for the morning 
of the user's 100th birthday. It has a memo function that flashes reminder dates. 

Measuring a trim 31/2- by 43/4 -inches, it fits neatly on a desk or in a briefcase. 

Price: $49.95. 
CIRCLE 46 ON FREE INFORMATION CARD 

Outback Walkman Radio 

Campers want quality and they want toughness. 11hether it's in their choice of 
hiking boots or a portable radio. Here's a radio from Sony Corp. of America (Sony 
Dr.. Park Ridge, NJ 07656) especially designed for the rough and tumble of 
camping and hiking. The Outback Walkman Radio (SRF-75) is "small and sturdy 

enough to take to any terrain" and is coated in elastomer, an ultra -durable rubber 
compound that helps protect the unit from shock, moisture, sand, and dirt. The 
AM/FM radio itself features "Mega Bass" and elastomer-coated headphones. The 

Outback's outer casing features wide ridges and large, easy -to -grasp controls so 

that the radio can be gripped while roaring down the Colorado River or walking 
across the desert. Sony does caution, however, that the Outback radio "is not 
meant to be immersed in water or come into continuous contact with water." 
Price: $59.95. 

CIRCLE 47 ON FREE INFORMATION CARD 

Desktop Facsimile 'Telephone 

Still haven't selected a fax unit with which to participate in the much touted 
"facsimile transmission revolution"? Consider the new Faxline Desktop Fac- 
similelTelephone from Northwestern Bell Phones (9394 W. Dodge Rd., Suite 100, 

Omaha, NE 68144). According to the manufacturer, this compact unit includes a 

"feature phone" with hundred -number speed -dialing capability. memory func- 
tions that feature 10 one -touch and 40 two -touch speed -dialing local ins. on -hook 
dialing, pause, hold, and last -number redial. The Faxline's facsimile features 

include "rapid transmission speeds of group 2 and group 3 compatibility." 
automatic feed function for up to five pages, automatic line switching, and a large 
LCD display that indicates function, name, number, and fax -transmission status. 

Users may also print out a "comprehensive transaction record of the last 40 

transmissions sent which will list telephone number sent to, date. time, duration 
of transmission, number of pages sent and transmission status." The Faxline can 

also operate as a thermal -paper copier. The unit weighs in at 11 pounds and is sold 
with a roll of thermal paper. a modular line cord. and a one- sear limited warranty. 

Price: $2..099.99. 
CIRCLE 48 ON FREE INFORMATION CARD 

Bang & Olufsen Wall -Mount Music Svstem 

Syncronics Clock Calendar 

Sony Walkman Radio 

Northwestern Bell Facsimilel'elephone 
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ELECTRONICS WISH LIST 

Onkyo Audio Dubbing Deck 

Magnavox Word Processor 

Soundesign Swivel -Base Video Stand 

Arkon Camcorder Battery Recharger 

Sanyo Stereo Radio Cassette Player 

For more information on any 
product in this section, circle the 
appropriate number on the Free 
Information Card. 

Audio Dubbing Deck 

The dubbing deck was traditionally considered the low end of the cassette -deck 
market, but with more and more users making their own tapes, those audio decks 
have rapidly been upgraded. The Dubbing Cassette Deck (TA-RW470) from 
Onkyo U.S.A. Corp. (200 Williams Drive, Ramsey, NJ 07446) employs Dolby -B 
and -C noise -reduction systems to ensure compatibility with other systems and 
cassettes. The unit uses dual two -motor, logic -controlled transports and provides 
quick auto -reverse operation for recording or playback. It also uses a real-time 
tape counter for the record/playback transport to provide accurate elapsed and 
remaining times for all popular cassette lengths-a particularly helpful feature 
when editing tapes. Price: $500. 

CIRCLE 50 ON FREE INFORMATION CARD 

Word Processor 
The dedicated videowriter has become a st:Iple nnf the Ionic of(ice and small 

business and now NAP Consumer Electronics Corp. (Interstate 40 and Straw 
Plains Pike, P.O. Box 14810, Knoxville, TN 37914) has introduced a product that 
combines word processing with the ability to create charts and communicate via 
external modem. The Magnavox Videowriter 4500 operates on proprietary, dedi- 
cated software that can quickly create bar, line, and pie charts that can be labeled 
and recalled at any timer The Videowriter also has an RS232 communications port 
that can transfer ASCII files to any PC or to another Videowriter. It can also 
transfer documents to fax machines. It has easy -to -understand on -screen instruc- 
tions, and extensive word-processing capabilities, including thesaurus, spell 
check, split screen, and block move and delete. Price: $999. 

CIRCLE 51 ON FREE INFORMATION CARD 

Swivel -Base Video Stand 
Given the space limitations in many homes. electronic -entertainment centers 

need all the configuration flexibility they can get. Soundesign Corp. (400 Plaza 
Two, Jersey City, NJ 07311) has introduced a .Swivel -Base Video Stand 
(WC207TP) that can easily handle a 26 -inch television monitor as well as all the 
accessories that a modern user demands. A pull-out VCR shelf provides handy 
access to front- or top -loading video units. The entire cabinet swivels. so the VCR 
and accessories remain within the line of sight along with the television screen. 
The stand is made of scratch -resistant vinyl veneer with a walnut wood -grain 
finish. It sits 20 inches high and features a storage compartment for s idea 
cassettes. Price: $49.95. 

CIRCLE 52 ON FREE INFORMATION CARD 

Camcorder/Battery Recharger 
Versatility is always a plus in a battery recharger and the Camcharger /1 

(MPI10) from Arkon (11627 Clark St., Arcadia. CA 91006) works with a range of 
products from VHS camcorders to cellular -phone batteries. The unit is designed 
to safely recharge 12 -volt NiCd or lead -acid batteries-or it can directly power a 
camcorder or other 12 -volt equipment, including laptop computers and portable 
stereos. Overcharge and short-circuit protection guard against damage to valuable 
equipment and the charger's input is protected by an easily accessible and 
replaceable fuse. Price: $69.95. 

CIRCLE 53 ON FREE INFORMATION CARD 

Stereo Radio/Cassette Player 
Portable radios come in all sizes and shapes, but the one common characteristic 

that consumers look for in such a unit is improved sound quality. That's what 
Sanyo Fisher USA (21350 Lassen St., Chatsworth, CA 91311) promises to deliver 
with its Surround Sound Slim Line AM/FM Stereo Radio (MW738). The company 
says the system "creates exciting concert -hall ambience" with its Surround Sound 
system. Specially angled speakers are designed to output the sound "to bounce 
off walls and adjacent surfaces to recreate the brilliance and depth of a live 
performance." The player also offers auto reverse in the A deck, a five -hand 
graphic equalizer, and a CD/line capability. Price: $99.99. 

CIRCLE 54 ON FREE INFORMATION CARD 
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It was just eight short years ago, in 

1981, when the first of the IBM PC's 

were rolled out. Those early ma- 
chines had just 64 kilobytes of user 

memory, but the business world was 
impressed, and the of office hasn't 
been the same since. 

The early PC's were great in the of- 
fice, though they were, at least at the 
start, too expensive and unfriendly to 
have games (perish the thought!) 
played on them. Not only that, but 
game players, who were sharpening 
their gaming skills on the PET, Vic -20, 

TRS-80 Model I, Apple II, and Atari in 

the early 1980's, looked askance at the 
stark, no-nonsense, non -graphic 
green screens of the IBM. Most home - 
computer garners couldn't afford 
IBM's and wouldn't be caught dead 
playing games on them, anyway. 

Things started to change three or 
four years ago that would cause game 
production for The IBM PC to surge, to 
become second only to the Com- 
modore 64 in the multibillion -dollar 

computer -games industry. Those fac- 
tors included 16 -bit technology, the 
development of graphics adapters 
that would allow the playing of visually 
enhanced games, and the increased 
use of color monitors. But the deluge of 
inexpensive IBM PC clones and com- 
patibles from the Far East was the cat- 
alyst that moved the PC from the 
board room to the living room. The bot- 
tom line is that 1989 likely will be re- 

membered as "the year of the games" 
in the PC market. 

In this article, we'll survey the world of 
game software, looking at several dif- 
ferent types of games, and the current 
hot "top ten." We'll also look at dif- 
ferent ways of acquiring game soft- 
ware, including all the popular 
shareware and public -domain titles. 

In the Beginning. In the mist -en- 
shrouded days when the word "com- 
puter" meant a room -sized behemoth 
that only university faculty and stu- 

dents got to tinker with late at night, 

simple text -adventure games like the 
generically titled "Adventure" emer- 
ged to titillate early game players. 
Later, a black -and -white stylized elec- 
tronic version of table tennis, Pong, 
with its primitive one-dimensional 
bouncing ball, was launched in 1972 

by Nolan Bushnell's Atari. Pong is the 
game that is considered by many to 
have ushered in the high-tech game - 
playing era. 

The games revolution continued 
with the 1977 introduction of Atari's 
Model 2600 Video Computer System 

(VCS) that pioneered the innovative 
concept of interchangeable game 
cartridges. After the VCS established a 
games beachhead on the home front, 

more sophisticated hardware fol- 
lowed, such as Mattel's Intellivision; 
Coleco's ColecoVision; the Atari 5200 
and 7800 VCS game machines; and 
the systems kids want today, the tech- 
nologically advanced Nintendo and 
Sega entertainment systems. 

The big problem with the original 

Executive Diversions 
BY KARL T. THURBER, JR., W8FX 

Computers don't have to be all work 

and no play. Here's a look at some 

of the ways you can entertain 
yourself with some high-tech 

diversions. 
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Pong, the 4K low -resolution VCS, and 
the more advanced systems that fol- 
lowed, was that the consumer had to 
buy a dedicated piece of hardware 
just to play games, though in the VCS 
and newer systems, he could at least 
swap out cartridges for some variety in 
play action. 

Since the late 1970's, when the PET, 

Apple II, and Radio Shack Model I 

suggested the then -farfetched pos- 
sibility of actually using a computer to 
play games at home, there's been a 
tremendous amount of progress and 
sophistication in game software. Many 
of the advances have been due to 
such longtime computer game 
movers and shakers as Scott Adams 
(Adventure International), Doug Car- 
Iston (Broderbund), Joel Berez (In- 
focom), Trip Hawkins (Electronic Arts), 
and Ken and Roberta Williams (Sierra 
On -Line). Even though today's PC 
wasn't even a glimmer in IBM's corpo- 
rate eye when many of those folks 
started out, their pioneering work de- 
serves much credit for the current sta- 
tus of the games we now can enjoy on 
the PC. 

Nevertheless, times have changed: 
even early 1980's best-selling games 
like Centipede, Dig Dug, Pac-Man, 
and Frogger-though still amusing 
and entertaining-may seem quaintly 
dated by today's hyper standard of 
PC -game performance. Each new 
generation of games seems to be 
brighter, bigger, faster, and more 
graphics -and -sound oriented than its 

predecessors. That is as it should be: 
today's typical 640K PC has at least 
160 times the game -playing ca- 
pability of the 4K Atari VCS in terms of 
raw memory alone. 

With those factors in mind, let's turn to 

cn some of the many types of games you 
2 can play with your PC. 

o 
1- Arcade Action Games. Arcade 
w games are probably the biggest sell - 
w ers, accounting for almost half the dif- 
oz ferent game titles on the market. Those 
ch graphics -oriented games are charac- 
zz terized most frequently by the shoot- 
= em -up scenarios featured at arcade 

galleries, though there are plenty of 

z sophisticated and hybrid types here. 
cc Some PC/arcade favorites include 

w 
Dark Castle (Three -Sixty); Pinball Wiz- 
ard (Accolade); Impossible Mission II 

(Epyx); Marble Madness (Electronic 
Arts); Autoduel (Origin Systems); The 

ó 
Train (Accolade); and Paperboy 
(Mindscape). 

STATUS 
GATE : ON . 06--0 I --1462i1 
DAMAGE :14014E 

CARGO: 6 ;r; 

ENERGY :3.30 
SHIELDS : DONM 

A NEAP : klMARMEfJ 

STATEMENT 
O UESTION 
POSTURE 
TERMINATE 

III NG? 
RECEZUZNG: 
NOT TRYING THE FUNNY STUFF ALIEN TRESSPASSERS, SUPERIOR UELOHZ THE HOST POWERFUL. 

Complexity marks Starflight, which lets you explore some 270 star systems and 800 
planets and interact with seven alien races, choosing and training six ship's officers. The 
program includes animated graphics of rotating planets, landing sequences, and more. 

Adventure, Fantasy, and Role Play- 
ing Games. Adventure games proba- 
bly are the next most popular type of 
entertainment software, judging from 
sales volume. Most of those have you 
assume a fantasy role (adventurer, de- 
tective, gladiator, etc.), with the game 
presenting you with a series of chal- 
lenges to overcome. Most accept your 
commands using English words; some 
are text -only, while others have coordi- 
nated on -screen graphics. Many of 
the newer games allow you to 
customize your role -character. 

Among the better -executed exam- 
ples include the Zork series (Infocom); 
the Kings Quest series, Leisure Suit Larry, 

and Police Quest (Sierra On -Line); Twi- 
light's Ransom (Paragon/Electronic 
Arts); the Ultima series (Origin Systems); 
Defender of the Crown (Cinemaware); 
and The Seven Spirits of Ra (Sir -Tech). 
Some of these boast many of the ac- 
tion -oriented characteristics of the 
straight arcade game. 

Gambling, Card, and Board Games. 
These run the full spectrum of gam- 
bling and competitive parlor -game 
endeavors, from chess games like the 
Sargon series (Spinnaker), to card 
games such as Blackjack Academy 
(Microillusions), Aussie Joker Poker 
(Mindscape), and Grand Slam Bridge 
(Electronic Arts) Here, also, are board 
games like Scrabble (Virgin Games/ 
Electronic Arts), as well as gambler's 
specialties like Vegas Gambler (Cali- 
fornia Dreams). 

Vehicle Simulations. These types of 
computer games cover a lot of air, 
ground, and sea action. Probably the 
best known members of the category 
are the flight simulators, where one 
can vicariously pilot the world's oldest, 
newest, fastest, or slowest aircraft or 
space vehicles. Games in this class in- 
clude such hi -tech favorites as Falcon 
(Spectrum HoloByte), Chuck Yeager's 
Advanced Flight Trainer (Electronic 
Arts), Flight Simulator (Microsoft), 
Gunship (MicroProse), Jet (SubLogic), 
3-D Helicopter Simulator (Sierra On - 
Line), and Harrier Combat Simulator 
(Mindscape). 

Seaborne games are well -repre- 
sented, too, by offerings including 
PT -109 (Spectrum HoloByte), Up Per- 
iscope! (ActionSoft), Carrier Com- 
mand (Rainbird), Sub Battle Simulator 
(Epyx), and Silent Service (MicroProse). 
Popular land -vehicle titles include Test 
Drive (Accolade), 4 x 4 Off Road 
Racing (Epyx), and Superbike Chal- 
lenge (Broderbund). 

At least one vehicle simulation, 
Gunship by MicroProse, has spawned 
a book of simulation scenarios to allow 
your PC to be your co-pilot. Together 
with the software you can recreate 
practically any event in modem heli- 
copter warfare, from Korea to Vietnam 
to the Grenada invasion, and you can 
also become involved in the air battles 
of the 1980's and beyond. The book is 

Gunship: 82 Challenging New Adven- 
tures by David Prochnow (TAB Books, 
$12.95, 1988). 
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Sports Simulations and Games. 
These games let you get your exercise 
as a computer couch potato whose 
biggest exertion is tipping the joystick 
rather than a bat in pitting your skills 

against the best. 
Some of the more popular PC sports - 

game simulations include California 
Games and World Games (Epyx), 
Hardball! (Accolade), World Class 
Leader Board (Access), Jordan v. Bird 

and Earl Weaver Baseball (Electronic 
Arts), NFL Challenge (XOR), MISL Soc- 
cer (Mindscc#), and Downhill Chal- 
lenge (Broderbund). 

Strategy and War Games. Here, you 
can pit yourself against the most bril- 
liant military minds in history, partici- 
pate in World Wars I, II, and Ill (!), make 
a killing on Wall Street, and even de- 
sign your own futuristic wars. Some cur- 
rently popular titles include Get- 
tysburg: The Turning Point, Rebel 
Charge at Chickamauga, and War- 
game Construction Set (Strategic Sim- 

ulations); Star Fleet I and Star Fleet II 

(Interstel Electronic Arts); Millionaire II 

(Blue Chip); Wizard of Wall Street (Bro- 

derbund); The Hunt for Red October 
(Datasoft/Electronic Arts); and Univer- 
sal Military Simulator (Rainbird). 

Difficult -to -Classify and New -Breed 
Games. As PC games become more 
sophisticated and complex, pushing 
graphics, sound, and memory ca- 
pabilities to their limits, many forward - 
looking game designers have pro- 

duced games that don't fit neatly into 
any of the categories. In the last cou- 
ple of years, entirely new categories of 
games have been devised, including 
multidisk masterpieces that blend ele- 
ments of arcade and graphic adven- 
ture games with pop -out -of -the - 
screen three-dimensional images. 
Often, hose games allow increased 
personalization and customization, 
make use of speech synthesis, and 
have a smart and sophisticated inter- 
active capacity to adapt to the play- 
er's style and skill. 

Some new and innovative titles in 

this hard -to -define area, many with 
entirely original entertainment formats, 
include such outstanding implemen- 
tations as Rocket Ranger and The 
Three Stooges (Cinemaware); the 
"Where is Carmen Sandiego" series 
and The Toy Shop (Broderbund); 
Jeopardy and Wheel of Fortune 
(Sharedata); Starflight and Robot Ras- 

cals (Electronic Arts); and Tetris (Spec - 
hum HoloByte), the latter being the first 

Russian computer game to make it to 
the West. Many adults will enjoy off- 
beat selections such as Dr. Ruth's 
Game of Good Sex (Avalon Hill) and 
Strip Poker 11 (Artworx). 

Top Ten IBM PC Games. Confused 
at this point as to what games are the 
best of the best?" Probably so. What 
type of PC game you'd prefer, we 
can't predict: everyone has his own 
personal- opinion on game software. 
However, we can give you a point of 

Airborne Ranger lets you test yourself as one of America's elite fighting men and embark 

on desperate solo missions behind enemy lines. Game affords 12 different missions in 

three regions of the world, and features full -scrolling 3 -dimensional animation. 

reference by telling you about the 
games that are standing the test of the 
marketplace by racking up big - 
bucks. 

Rankings of best-selling game soft- 
ware probably change almost as fre- 

quently as do top -40 record rankings, 
so there's some risk in assigning actual 
numbers. Let's just say that these ten 
games-in alphabetical, and not 
sales, order, mind you-have been top 
sellers in recent months: 

California Games (Sports game by 
Epyx) 

Chuck Yeager's Advanced Flight 
Trainer (Simulation by Electronic Arts) 

Earl Weaver Baseball (Sports game 
by Electronic Arts) 

Flight Simulator v3.0 (Simulation by 
Microsoft Corp.) 

Hardball! (Sports game by Ac- 
colade) 

Paperboy (Arcade game by Mind - 
scope) 

Scrabble (Board game by Virgin 
Games/Electronic Arts) 

T. V. Game Shows (New -breed 
game by ShareData) 

Test Drive (Vehicle simulation by Ac- 
colade) 

Ultimo V: Warriors of Destiny (Adven- 
ture game by Origin Systems) 

Bear in mind that what is one man's 
gem of a game may be anther's 
fool's gold: there's a real "computer - 
game jungle"out there. Other comput- 
er games that might easily be top -ten 
contenders on someone else's list in- 

clude such hot sellers as Gunship and 
Pirates! (MicroProse), The Hunt for Red 
October (Datasoft/Electronic Arts), The 

Toy Shop (Broderbund), World Games 
(Epyx), Falcon (Spectrum HoloByte), 
Shadowgate (Mindscape), and Po- 

lice Quest and Leisure Suit Larry (Sierra 
On -Line), among others. 

The best-selling titles we've indicat- 
ed won't necessarily be the same for 
other popular computers, since some 
types of games play better on one 
computer than on anther, and often 
the manufacturer doesn't support all 
machines with his wares. 

Making the Purchase? Whether you 
purchase your hardware and software 
locally or by mailorder is your choice. 
Some people like the convenience 
and assurance of purchasing locally, 
especially should something go wrong 
with the purchase. But "something go- 
ing wrong" is more likely to be the case 
with hardware and complex produc- 
tivity software than with games. co 
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For the most part, there's little risk in 
buying game software by mail, and 
you can usually obtain the titles you're 
interested in at a lower price than lo- 
cally. However, if you do have a prob- 
lem, you'll have all the usual hassles of 
obtaining an exchange-refunds are 
almost unheard of when it comes to 
game software. 

Besides knowing something more 
about the mailorder house other than 
its toll -free number, your best protec- 
tion against a game -software pur- 
chase going bad is to make sure you 
know the game's specific hardware 
requirements before ordering_ Make 
sure the software is available for your 
computer, and double-check memo - 

Computer Game Addresses 

For more information on the games listed in 
this article, contact the manwacturer di- 
rectly, or circle the appropriate number on 
the Free Information Card. 

Access Software 
545 W. 550 S., Suite 130 
Bountiful, UT 84010 
CIRCLE 100 ON FREE INFORMATION CARD 

Accolade 
550 S. Winchester Blvd. #200 
San Jose, CA 95128 
CIRCLE 101 ON FREE INFORMATION CARD 

ActionSoft 
210 W. Springfield Ave. 
Champaign, IL 61820 
CIRCLE 102 ON FREE INFORMATION CARD 

Artworx 
1844 Penfield Rd. 
Penfield, NJ 14526 
CIRCLE 103 ON FREE INFORMATION CARD 

Avalon Hill 
4517 Harford Rd. 
Baltimore, MD 21214 
CIRCLE 104 ON FREE INFORMATION CAR! 

Blue Chip 
7305 W Boston St. 
Chandler, AZ 85226 
CIRCLE 105 ON FREE INFORMATION CARD 

Broderbund 
17 Paul Dr. 

San Rafael, CA 94903 
CIRCLE 106 ON FREE INFORMATION CARD 

California Dreams 
780 Montague Expwy, Suite 403 
San Jose, CA 95131 
CIRCLE 107 ON FREE INFORMATION CARD 

Cinemaware 
4165 Thousand Oaks Blvd. 
Westlake Village. CA 91382 
CIRCLE 108 ON FREE INFORMATION CARD 

Electronic Arts 
P.O. Box 7530 
San Mateo, CA 94403 
CIRCLE 109 ON FREE INFORMATION CARD 

Epyx 
600 Galveston Dr. 

Redwood City, CA 94063 
CIRCLE 110 ON FREE INFORMATION CARD 

Infocom 
125 Cambridge Park Dr. 

Cambridge, MA 02140 
CIRCLE 111 ON FREE INFORMATION CARD 

Microlllusions 
17408 Chatsworth St. 
Grenada Hills, CA 91344 
CIRCLE 112 ON FREE INFORMATION CARD 

MicroProse 
180 Lakefront Dr. 

Hunt Valley, CA 21030 
CIRCLE 113 ON FREE INFORMATION CARD 

Microsoft 
16011 NE 36th Way 
Redmond, WA 97017 
CIRCLE 114 ON FREE INFORMATION CARD 

Mindscape 
3444 Dundee Rd. 
Northbrook IL 60062 
CIRCLE 115 ON FREE INFORMATION CARD 

Origin Systems 
136 Harvey Rd., Building B 
Londonderry, NH 03053 
CIRCLE 116 ON FREE INFORMATION CARD 

Rainbird 
PO. Box 2227 
Menlo Park, CA 94026 
CIRCLE 117 ON FREE INFORMATION CARD 

ShareData 
7400 W. Detroit St, Suite 170 
Chandler, AZ 85226 
CIRCLE 118 ON FREE INFORMATION CARD 

Sierra On -Line 
Box 485 
Coarsegold, CA 93614 
CIRCLE 119 ON FREE INFORMATION CARD 

Sir -Tech 
P.O Box 245 
Ogdensburg, NY 13669 
CIRCLE 120 ON FREE INFORMATION CARD 

Spectrum HoloByte 
2061 Challenger Drive 
Alameda, CA 94501 
CIRCLE 57 ON FREE INFORMATION CARD 

Spinnaker 
One Kendall Square 
Cambridge, MA 02139 
CIRCLE 58 ON FREE INFORMATION CARD 

Strategic Simulations 
1046 N. Rengstorff Ave. 
Mountain View, CA 94043 
CIRCLE 59 ON FREE INFORMATION CARD 

SubLogic 
501 Kenyon Rd. 
Champaign, IL 61820 
CIRCLE 60 ON FREE INFORMATION CARD 

Three -Sixty 
2105 S. Bascom Ave., Suite 290 
Campbell, CA 95008 
CIRCLE 61 ON FREE INFORMATION CARD 

XOR 
5421 Opportunity Court 
Minnetonka, MN 55343 
CIRCLE 62 ON FREE INFORMATION CARD 

ry, graphics, and joystick require- 
ments; it's fair to expect a mailorder 
firm to replace defective software, but 
not necessarily software that you mis - 
ordered. If you own a PCjr, be sure that 
the game is designed to work on it in 
addition to its big brother PC. 

Shareware and Public -Domain 
Games. The PC world is fortunate to 
have some excellent public -domain 
and shareware (try now, pay later) soft- 
ware, more than for any other comput- 
er. Public -domain disks are collections 
of programs that are made freely 
available by program authors-the 
programs are not sold, but rather are 
given away. Typically, a small fee is 

charged for the costs of the disk, du- 
plication, and mailing, resulting in a 
charge of $3-6 per disk. As you might 
expect, public -domain software runs 
the gamut from absolutely topnotch to 
absolutely terrible, though you usually 
can find some worthwhile games in 
almost any disk collection. 

On the other hand, shareware isn't 
free. Under the concept, you take a 
copy of the program (offen from the 
same sources that distribute public - 
domain software, including computer 
bulletin boards), and try it out. If you like 
and usr. the program, you're expected 
to send the author his requested fee. 
This concept has worked reasonably 
well for PC productivity software, 
though whether it works as well for 
games seems doubtful. In any case, 
those two software types are a vast 
resource for the game player. 

While I'm the first to admit that the 
very best games are almost always 
regularly distributed commercial 
products, it's worthwhile to learn what's 
out there first, before making some ex- 
pensive commercial -game pur- 
chases. Some of the more popular 
public domain and shareware games 
for the PC include such perennial fa- 
vorites as Amulet of Vendor, Apollo 
Mission Simulator, Beyond the Titanic, 
McMurphy's Mansion, Golden Worn - 
bat of Destiny, Lotto Fever, PC -Chess, 
Seawotf, Super Nova, Tune Trivia, Time 
Traveler, Battle Ground, Striker, and In- 
stant Replay Football-to name just a 
few low- and no -cost titles. 

An important point with public do- 
main and shareware software is that 
some games require that you have 
BASIC to run them. In some cases, there 
may be compatibility problems be- 
tween the specific BASIC implementa- 
tion used on your PC and that of the 
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High -resolution EGA screen from Tetris, said to be the first computer game from the 

Soviet Union. The game may be very roughly described as a sophisticated, animated 
jigsaw puzzle in a slick computer -game format. 

software. Occasionally, you may have 
to rewrite some "problem lines" in a 
BASIC program in order to make it 

work for you. 
There ate several ways to find what 

shareware or public -domain software 
is available. One easy way is to 
browse through the classified ads of 
the major computer magazines, send- 
ing for catalogs that advertise such 
software. If you own a modem, ycu 
can log onto one of the commercial 
services such as CompuServe, or onto 
one of the thousands of free bulletin - 
board systems BBS) that are found in 

all parts of the country that have 
downloadable software libraries. 
Some hobbyist -operated BBS's even 
specialize in games, of which many 
hundreds are available at little or no 
cost to the modem user on these on- 
line systems. 

One excellent source of public -do- 
main and shareware software is the PC 
Software Interest Group (PC -SIG), lo- 
cated at 1030 D East Duane Ave., Sun- 
nyvale, CA 94086. (phone 
800/245-6717). PC -SIG has effectively 
become the "library of record," so to 
speak, for such software, and now has 
around 1,000 disks in their collect1:on 
(including at least 75 game disks) that 
may be purchased for $6 per disk. Not 
only that, but they have placed their 
entire software library on a CD-ROM 
disc, selling the CD-ROM and catalog 
for much less than the cost of individual 
floppies. Many public libraries sub- 
scribe to PC -SIG's CD-ROM service 

and allow you to bring in blank disks 
and freely copy any of the programs 
that interest you-games, of course, 
included. 

I've found another excellent source 
of public domain and shareware soft- 
ware to be Public Brand Software, P.O. 

Box 51315, Indianapolis, IN 46251 
(phone 800/426 -DISK). Their library isn't 
as extensive as PC -SIG's collection. But 

they publish a free catalog that runs 

over 100 pages (PC -SIG's catalog isn't 

a freebie). What distinguishes Public 
Brand Software from other compara- 
ble services is their catalog's software 
rating scheme. They award from one 
to four stars for each program and one 
star to "trophy class" for each $5 disk 
that they offer, in addition to providing 
capsule descriptions of each pro- 
gram. Their catalog also describes 
compatibility requirements for each 
program and disk. The ratings, de- 
scriptions, and compatibility informa- 
tion make their catalog an outstand- 
ing, even invaluable, public -domain 
and shareware software resource. 

Another firm that helpfully provides 
ratings for the public -domain and 
shareware disks it sells is Computer So- 

lutions, P.O. Box 354, Mason, MI 48854 
(phone 800/874-9375). A recent cata- 
log from them is over 60 pages thick 
and includes 19 games disks, includ- 
ing at least one specifically for EGA 
color display. Their disks are a reason- 
able $4.50 each. 

DAK Industries, Inc.-the folks who 
put out the glitzy electronic specialties 

catalogs-has collected two disks 
chock full of the kinds of public do- 
main and shareware software (includ- 
ing many games) that you might 
download from public BBS's, offering 
them for the bargain -basement price 
of $3, plus $1 postage and handling 
(total $4); order as No. 4889. They also 
offer an up-to-date listing of more than 
2,000 BBS's across the U.S.A. that you 
can access with your modem, for $2 

plus $1 postage and handling (total 
$3); order as No. 4888 (California resi- 

dents should add tax). DAK has set up 
a special P.O. box for the offer that's 
different from its regular catalog or- 
ders. Send your order with checks only 
(no cash or credit cards) with the 
words "LIST" and/or "DISKS" to DAK, P.O. 

Box 3045, Canoga Park, CA 91306. 
(The offer is described in the regular 
DAK catalog, which can be obtained 
by writing to DAK Industries, Inc., 8200 
Remmet Ave., Canoga Park, CA 
91304, or by calling 800/888-7808.) 

On -Line Gaming. If you own a 
modem, you may also wish to play on- 
line computer games over the tele- 
phone lines with like-minded enthusi- 
asts across the country. Available 
game choices range from arcade - 
style action games and golf simula- 
tions to text adventures, sophisticated 
card games, flight simulators, role- 
playing games, games modeled on 
TV game shows, space -battle sim- 
ulators, various multiplayer games, 
and more. 

In addition to allowing you to play 
the games on-line, most services offers 
a compartment or "room" outside the 
actual game environment, such as an 
on-line forum or bulletin board, where 
you can discuss game points and 
strategies with other enthusiasts and 
make arrangements for play. 

Two popular services that offer 
online gaming suitable for IBM PC play 
are CompuServe, 5000 Arlington Cen- 
tre Blvd., Columbus, OH 43220 (phone 
800/848-8199) and GEnie, 401 North 
Washington St., Rockville, MD 20850 
(phone 800/638-9636). To play online, 
you must establish an account with the 
service and obtain a starter kit, either 
directly from the service or from a 
computer store. Some modem man- 
ufacturers pack starter kits with their 
modems to help you get going. 

All this fun isn't really free, of course. 
GEnie charges about $5 per hour, 
while CompuServe charges about 

(Continued on page 105) 
OD 
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The loudspeakers used in vintage radio 
receivers are many and varied. They range 
from primitive horns to permanent -magnet 
types, with electrodynamics in between. 
This month, we take a look at some of these 

ancient speakers, and the problems they 
pose for the antique -radio enthusiast. 

Radio programs in the 
mid -1920's were, in the main, 
listened to on headphones- 

an arrangement that was hardly satis- 
factory for family listening. Although 
loudspeakers were available at the 
time, they were very expensive. 

There were many ways of overcom- 
ing that problem. One method was to 
place the headphones into a large 
bowl so that the sound was "amplified" 
by the shape of the bowl, thus allowing 
many listeners to hear the program. 
Apparently, there was great debate at 
the time as to whether a crystal or 
wooden bowl gave the better tone! 

Another early loudspeaker alter- 
native was an acoustic adapter that 
connected a pair of headphones to a 
number of stethoscope -like attach- 
ments. That gadget provided multiple 
listening stations from the one set of 
phones. 

Still another interesting technique 
used a record-player arm to "amplify" 
the sound. The needle was placed on 
the headphone diaphragm, thus re- 
directing the sound through the rec- 
ord -player's horn for all to hear. 

This story first appeared in Silicon Chip, Aus- 
tralia (November, 1988); reprinted with per- 
mission. Lead photo courtesy Orpheus 
Radio Museum, Ballarat, Australia. 

Commercial Loudspeakers. At the 
time, commercially produced speak- 
ers operated on a similar principle to 
headphones and were nothing other 
than a large single headphone piece 
with a sound horn attached. While we 
may smirk about such things today, in 
the 1920's a horn speaker was the last 
word in loudspeaker technology. 

Of course, the sound reproduction of 
the old horn speaker left much to be 
desired. It had a high-pitched metallic 
sound that totally lacked bass or any 
tonal quality. There was plenty of room 
for improvement, and improvements 
there were. 

In a time span of just several years, 
loudspeakers went through several 
stages of development, including 
some cone types of incredible size. But 
none of those did much to really im- 
prove the quality of the sound until the 
dynamic or moving -coil loudspeakers 
came on the scene. The moving -coil 
speaker was the big breakthrough in 
speaker technology and modern 
speakers are the result of on -going re- 
finement of that original idea. 

To my knowledge, nearly all of those 
very early loudspeakers, prior to the 
dynamic speakers, were permanent 
magnet types. However, the early dy- 
namic speakers, up until the late 

1940's, were mostly electrodynamics, 
where the speaker magnet is an elec- 
tromagnet. That development went 
hand in hand with the ever increasing 
use of AC -powered sets. 

Early AC sets used a high -voltage 
choke to filter or reduce the 60 -Hz 
power -line hum that is a characteristic 
of rectified DC. The choke was incor- 
porated in the loudspeaker where it 
performed the dual role of choke and 
speaker magnet. That built in choke 
was known as the "field coil." 

When it comes to antique loud- 
speakers, the one that comes to mind 
as far as most collectors are con- 
cerned is the electrodynamic type. 
That is the speaker I will concentrate 
on for most of this article. Horns and the 
very early cone speakers are relatively 
rare. The average collector, par- 
ticularly if he is new to the game, is 

unlikely to have many radios in his col- 
lection that are pre -1930. 

On the other hand, collectors who 
have been scrounging for quite some 
time are likely to have much from the 
1920's era. 

Although I am a relatively new col- 
lector, I have still managed to collect 
six horn speakers. However, I have 
really gone out of my way to get them. I 

might add that some of them cost per - 
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haps a lot more than they are worth, 
but if you want something badly 
enough you pay the going price. 

Keeping it Original. Electrodynamic 
loudspeakers will vary widely in their 
general condition. Wherever possible, 
a collector should endeavor to keep 
radio as original as possible and the 
electrodynamic speaker should be ei- 
ther retained or replaced with a similar 
unit. 

Such ideals are not always possible, 
nor are they very important apart from 
the originality aspect. If originality is 

not a matter of life or death, then a 
more modern permanent magnet 
loudspeaker is the logical replace- 
ment. A modern loudspeaker will usu- 

ally improve the sound of an old radio 
quite considerably. 

When replacing an electrodynamic 
speaker with a permag (permanent 
magnet) type, something must be 
done about the field -coil circuit. The 

field coil forms a vital part of the high - 
voltage circuitry and must be retained 
if the set is to function correctly. There 

are several ways of overcoming that 
problem. 

Perhaps the easiest way out is to re- 

place the field coil with a 20 -watt re- 

sistor of the appropriate value. Field 
coils generally range in impedance 
from 1k ohm to 2.2k ohms, although 
some go as high as 8k ohms. 

The substitute high -wattage resistor 
would need to be of similar imped- 
ance to the field coil. The resistor 
should also be mounted where the dis- 
sipated heat will not affect the opera- 
tion of other components. Use of a heat 
sink, or a heat -sink -type resistor that 
can be bolted to the chassis, is recom- 
mended. 

Another way is to substitute a sepa- 
rate choke of the same impedance as 
the field coil. That can be mounted on 
or under the chassis, wherever space is 

available. Unfortunately, suitable 
chokes are not always available with 
the desired impedance and you may 
have to wire a choke and high -wat- 
tage resistor in series to match the 
speaker's field coil. 

Still another option is to mount the 
field coil of the old loudspeaker under 
the chassis or in some inconspicuous 
part of the cabinet. While the speaker 
itself may be unserviceable, the field 
coil may be quite fine, and there is no 
reason why it shouldn't be used as a 
choke. 

If desired, both the field coil and the 

Speaker cones in this sad state can be made to work again if one is desperate or 
determined enough. In this case, a replacement loudspeaker would be the best alternative. 

This Rola permag loud.,peaArr ,rill ha. the and bolt holey o here the field coil 
bolted on in an earlier design. A number of manufacturers retained the field coil frame 
for some of their early permanent -magnet speakers. 

úF 

The field coil impedance of an electrodynamic speaker is usually marked on the back of the 
field coil. If tie marking is no longer visible, it can be checked with an ohmmeter. 
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speaker transformer can be chassis 
mounted. That has the advantage of 
keeping all the high voltage confined 
to the chassis, which is desirable from 
a safety point of view. 

Regarding safety, it is unwise to han- 
dle an electrodynamic speaker while 
the set is operating. It could prove 
quite a "shocking experience" if the 
wiring is faulty. 

The Amplion "Dragon" was a popular 
horn -type loudspeaker from the mid -1920's 
era. By today's standards, it sounded 
dreadful. (Photo courtesy Orpheus Radio 
Museum, Ballarat, Australia). 

The "spider" at the center of old speaker 
cones acts as a damper on cone movement 
and holds the voice coil centered in the 
gap. If the voice coil is fouling the 
magnet, the cone can be repositioned by 
temporarily loosening the screw. 

Repairing Loudspeakers. Back in 
the good old days, when elec- 
trodynamic speakers were in common 
use, they could be rebuilt without 
much trouble. It was offen cheaper to 
rewind a field coil, fit a new speaker 

transformer, or even replace a 
damaged speaker cone rather than 
discard the whole unit and buy a new 
one. 

Those old speakers were built to be 
serviced and all the bits and pieces, 
including new speaker cones, were 
readily available. Unfortunately, after 
40 years or so, those much needed 
parts are no longer as commonly 
available. While field -coil and trans- 
former troubles aren't difficult to solve, 
speaker cones can be a bit of a prob- 
lem. Patching the old one is about the 
only alternative. 

I have seen speaker cones in tatters 
yet they still function surprisingly well. 
Major splits, tears, and holes seem to 
make little difference in the sound 
quality. Often, the only adverse effect 
is a buzzing sound as the loose bits of 
cone flap about. If one cares to glue 
together all the tattered bits, an old 
speaker cone can be given a new 
lease on life. 

Almost any reasonable glue and 
thick drawing paper can be used to fill 
the large holes and missing sections of 
a damaged cone. It is surprising how 
well a damaged speaker cone can 
be repaired if the desire to get it work- 
ing again is there. 

One particular part of a speaker 
cone that does wear out is the ridge (or 
ridges) around the outer rim where the 
cone flexes. Modern speakers often 
have a special super -flexible synthetic 
reinforcement strip around the edge of 
the cone. Such a cone gives greatly 
prolonged life compared to the old 
paper type. 

Old speaker cones can wear very 
thin around the rim and holding the 
speaker up to a strong light will soon 
reveal any problems. If the light shows 
through, it is only a matter of time be- 
fore the cone detaches itself from the 
rim. 

That particular problem is easily 
solved by applying a generous ap- 
plication of silicone rubber to the 
grooves at the outer edge of the 
speaker cone. The rubber compound 
needs to be rubbed in fairly firmly to 
ensure that there is good adhesion to 
the paper. 

Silicone rubber seems to be an ex- 
cellent rejuvenation agent for tired 
speaker cones. It adheres well to the 
paper and provides flexibility where it 
is needed. Although silicone rubber 
was never intended for such use, it ap- 
pears to be well suited to the task of 
restoring loud speakers. 

Voice -Coil Fouling. Old elec- 
trodynamic speakers offen have a ter- 
rible buzzing sound in them, which is 

usually caused by the voice coil at the 
center of the cone rubbing against the 
magnet. If the speaker has a centering 
device (the "spider"), the problem can 
usually be cured by repositioning the 
cone. 

To do that, first undo the screw in the 
center that releases the spider. The 
cone can then be repositioned and 
the screw tightened again. With a bit 
of luck, the cone will now work in a 
position where the voice coil no longer 
fouls the magnet. 

If you don't get it right the first time, 
loosen the locking screw and try 
again. 

Another way to solve that problem 
(sometimes) is to remount the speaker 
upside down. Often a speaker cone 
sags and distorts a little due to it own 
weight and the passing of time. Simply 
inverting the speaker can reposition 
the cone sufficiently to eliminate the 
problem. It doesn't always work, but it's 
worth a try. 

Bigger is Better. The sound of an old 
radio can be improved many ways 
and one trick is to use a larger speaker 
than was originally fitted. That can be 
done without too much trouble with 
console -type radios because there is 

usually plenty of room. Fitting a 10 or 12 - 
inch speaker will really make the win- 
dows rattle. 

Smaller mantle radios can respond 
to the same treatment, and offen a 
larger speaker can be worked in with- 
out too much trouble. Bigger speakers 
give better sound. 

The quality of any sound system de- 
pends greatly on the quality of the 
loudspeaker. Even an old reaction - 
type radio from the 1920's sounds sur- 
prisingly good when played through a 
modern speaker. The same set through 
an old horn speaker sounds absolutely 
dreadful. 

In summary, the vintage radio re- 
storer offen has to choose between 
sound quality and originality. Occa- 
sionally they can have both for some 
old speakers perform remarkably 
well-but, unfortunately, that's not 
often the case. Many old receivers 
were seriously handicapped by inad- 
equate loudspeakers. 

Loudspeakers, like so many other 
things we now take for granted, have 
certainly come a long way in the past 
60 years. 

70 

AmericanRadioHistory.Com



Most electronic circuits require 
DC power supplies. Batteries 
are the cleanest source of 

DC, but they are not always practical. 
Alternatively, deriving DC from the AC - 
power lines requires at least a rectifier 
and ripple filter. So, in this article we will 
take a look at how those components 
are used and, more important, how to 
select the value of capacitor to be 
used in the filter. 

Half -wave Rectifiers. Rectifiers are 
used to convert bidirectional AC to 
unidirectional, pulsating DC. Two 
methods of rectification are com- 
monly used: half wave and full wave. 
Figure 1 contains the waveform you 
would get from a half -wave rectifier. 
The upper trace is the AC sinewave 
sent to the rectifying circuit, which is 

usually taken from a power trans- 
former's secondary. The bottom trace 
shows the output of the half -wave rec- 
tifier; only the positive (or top) half of 
the sinewaves are passed by the rec- 
tifier. The output of the rectifier is not 
pure DC, but rather pulsating DC. The 

frequency of the half -wave rectified 

Fig. 1. Here we show how an AC waveform 
(uppermost) has its lower portion 
chopped -off by a half -wave rectifier. 

pulsating -DC output is the same as the 
AC input (e.g., 60 Hz lin the USA). 

Figure 2 shows the simplest half - 
wave rectifier circuit possible. The cir- 
cuit uses a single PN -junction rectifying 
diode (D1) connected in series with a 
load, here represerted by iesistor RL. 

When the input voltage to the anode is 

positive with respect to the cathode 
(see Fig. 2A), the diode is forward bi- 
ased so current (I) flows through the 

Designing 
Power Supply 

Circuits 

load. When the polarity of the input 
voltage changes (Fig. 2B), the diode is 

reverse biased, and no current can 
flow. During that period the output 
waveform is flat because the negative 
excursion of the sinewave is chipped 
off. 

Full -wave rectification. Half -wave 
rectification is cheap and simple, but 
is also wasteful since only half the 
available power gets past the rectifier. 

The process would be more efficient if 
both halves of the AC waveform are 
used. Waveform filtering will also be 
less critical if the complete wave is 

used. Also, in circuits that use a power 
transformer, for a given output -power 
level, the primary winding VA (volts 

times amps) rating must be 40 to 45 
percent higher for half -wave rectifiers 
than for full -wave rectifiers. For those 
reasons, most DC power supplies use 

full -wave rectificaion. 
Figure 3 shows the full -wave rectified 

AC waveform. Notice that the nega- 
tive -polarity swings of the sinewave 
appear "flipped over" to look like 

BY JOSEPH J. CARR 

Give you tired batteries a 
well deserved rest 

by designing a power 

supply that fits 
your needs. 
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A 

ANODE D1 CATHODE 

(NO CURRENT) 

VIN 

B 

Fig. 2. When the diode is forward biased 
(A) it allows the AC voltage to be 
presented to the load. When reverse 
biased, the diode shuts off and acts 
like an open circuit (B). 

Fig. 3. Full -wave rectification allows both 
halves of the AC waveform to be used by 
effectively flipping over the negative 
excursion through diode switching. 

positive swings that fill in the gaps you 
saw in the half -wave rectified case. 
The pulsating -DC frequency is twice 
the AC -input frequency, or 120 -Hz in 

the USA. Let's see how the magic flip 
over occurs. 

Conventional Full -wave Rectifica- 
tion. There are two basic forms of full - 
wave rectifier circuits: conventional 
and bridge. The conventional full - 
wave rectifier circuit is shown in Fig. 4. 

The transformer is a center -tapped 
type, and the center tap is used as the 
common or ground -reference point. 
Two diodes are used; each one rec- 
tifies one half of the waveform. The 
cathodes of the diodes are joined to- 
gether at the positive output, while 
their anodes are connected to op- 
posite ends of the transformer's sec- 
ondary winding. 

The input sinewave applied to the 
primary will alternate back and forth 
between positive and negative volt- 

ages. Those alternations are trans- 
ferred to the secondary, and are 
applied to the diodes. If the center tap 
of the transformer secondary is the 
ground for the output circuit, the volt- 
ages at the secondary's far ends will 
be 180 -degrees out of phase with 
each other. In other words, in Fig. 4, 
when point "A" is positive ( +) point "B" 
is negative (- ). When the input sine - 
wave reverses polarity, the second- 
ary's polarities reverse. So, point "A" will 
be negative and point "B" will be 
positive. 

Consider first the situation in which 
point "A" is positive with respect to the 
center tap, and point "B' is negative. 
For those polarities, diode D1 is forward 
biased and diode D2 is reverse bi- 
ased. Current flows out of the trans- 
former center tap, through the load 
(RL), through diode D1, returning to the 
transformer at point "A." 

On the next half cycle, the polarities 
reverse so point "A" is negative with 
respect to the center tap, and point "B" 
is positive. Diode DI is reverse biased 
and D2 is forward biased. Current 
again flows out of the transformer cen- 
ter tap and through the load resistor, 
but now it flows through diode D2 and 
back to the transformer at point "B." 

Fig. 4. The arrows on both sides of the 
supply line going to load resistor, Rt , 

indicate the current flow during the two 
half cyles of the waveform. 

Notice what happened in the 
above description: for both polarities 
the current flows out of the center tap 
of the transformer through the load re- 
sistor. But the direction of the current 
flow through the load is the same for 
both polarities. That yields the "double 
hump" waveform shown earlier. No 
magic flipping actually occurs, but 
the circuit effectively "diode switches" 
the current to simulate it. 

Bridge Rectifiers. A bridge rectifier is 

shown in Fig. 5. In that circuit four di- 
odes are connected in a ring -like fash- 
ion. The nodes marked "AC" are 
connected across the AC source 
(probably a transformer), while the 

AC 

AC 

Fig. 5. The diode bridge full -wave 
rectifies AC without the aid of a 
center -tapped transformer. 

negative and positive pulsating -DC 
outputs are taken from the adjacent 
nodes marked + and - 

Figure 6 shows the complete bridge - 
rectifier circuit and its action. Note that 
the transformer does not have a center 
tap, but rather the rectifier is con- 
nected across the entire secondary. If 
the transformer is center tapped, the 
center tap is not connected. That al- 
lows us to use the full secondary volt- 
age rather than only half. However, it is 

not free. In order to not exceed the 
primary VA rating, only half the rated 
secondary current can be used. If the 
transformer does not have a center 
tap, then assume that it is intended for 
bridge rectification, and use the full - 
rated secondary current. 

The circuit action of Fig. 6 can be 
analyzed in a fashion similar to the 
conventional full -wave rectifier. Con- 
sider first the case where point "A" is 

positive with respect to point "B." Cur- 
rent flows out of the transformer at point 
"B," through diode D3, the load resistor, 
diode D4 and back to the transformer 
at point "A." Diodes D1 and D2 are 
reverse biased, and so they do not 
conduct. 

Fig. 6. The solid and dashed lines 
indicate the flow of current during the 
two half cycles of the AC waveform. Notice 
that the current to the load will always 
travel in the same direction. 

On the next half cycle, the polarity of 
the AC input reverses, so diodes D3 
and D4 are reverse biased while DI 
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and D2 are forward biased. The cur- 
rent leaves the transformer at point "A" 
(which is now negative with respect to 
point "B"), through diode D1, the load 
resistor, diode D2, and back to the 
transformer at point "B." The direction 
of the current through the load resistor 

is the same for both halves of the AC 
cycle, so the current is being full -wave 
rectified. 

Filter Capacitors. The pulsating -DC 
output from either full -wave or half - 
wave rectifiers is almost as useless for 
electronic circuits as an AC waveform, 
so a filter circuit is usually used to 
smooth out the pulsating DC making it 
a purer DC. Figure 7 shows the simplest 
form of filter circuit: a single capacitor 
(C1) connected in parallel with the 

Rl 

Fig. 7. While a single -capacitor filter 
may not look significant, if its value is 
large enough, it can reduce ripple 
sufficiently enough for many circuits. 

load. Its effect on the waveform is 

shown in Fig. 8. The job of the capaci- 
tor is to store the electrical charge re- 

ceived during voltage peaks, and 
then dump that charge into the load 
as the voltage drops between peaks. 

The value of the filter capacitor is 

determined by the amount of ripple 
that can be permitted. Ripple is the 
effect you get when a small varying 
voltage rides on top of a DC voltage, 
which is what a single -capacitor filter 
outputs. The varying component of the 
wave is called the ripple voltage. The 

ripple factor (r) is defined as the ratio of 
the ripple -voltage amplitude to the 
average voltage of the rectified 
waveform. Values tend to be in the 
range 0.1 to 2.0 for common electronic 
circuits. The rule of thumb for ripple 
factor for 60 -Hz half -wave rectified cir- 
cuits is: 

r =1,000,000/(208C1RL) 

And for full -wave rectified circuits it's: 

r =1,000,000/(416C1 RL) 

Where: Cl is the capacitor value in mi- 
crofarads and RL is the load resistance 
in ohms. By the way, the maximum 
load resistance must equal the max - 

VOLTAGE ACROSS LOAD 

RECTIFIER 

OUTPUT CAPACITOR 
DUMPING 

Fig. 8. While the rectifier's output 
climbs, it charges the filter capacitor. 
So, when the rectifier voltage starts to 

decrease, the capacitor discharges through 
the load providing it with smoother DC. 

Rl 

VOLTAGE 

FROM 
RECTIFIER 

Fig. 9. While pi filters reduce the output 
voltage and increase the output impedance 
of a supply, they greatly reduce ripple. 

Fig. 10. A close up of the ripple on top 
of an already filtered pulsating DC 
looks pretty bad. However, it can be 
eliminated through the use of a regulator. 

Fig. 11. Even at .1 V/division the ripple 
of a regulated power supply is hard to 

see. The nasty ripple tamed by the 
regulator can be seen in Fig. 10. 

imum output voltage divided by the 
output current. 

Let's consider a full -wave example: 
A 12-VDC full -wave rectified power 
supply delivers 0.5 amperes to the 
load. Calculate the ripple factor (r) if a 
1,000-µF unit is used for the filter ca- 
pacitor. Starting out with the full -wave 
equation: 

r =1,000,000/(416C1 RL) 

r =1,000,000/(416)(0000)(12/0.5) 
r =1,000,000/(416)(1000)(24) 

r = 0.1 

So, what do those figures mean in 

practical terms? In preparing this arti- 

cle I tested a capacitor filter's charac- 
teristics to illustrate the effect of adding 
more capacitance to a filter circuit. In 

all cases, the AC applied to the rec- 
tifier was nominally 12 VAC, and the 
load was 25 ohms. The unfiltered, full - 

wave rectified, pulsating DC was 
measured with a DC voltmeter and 
found to be 9.25 VDC. That value is not 
the peak voltage (which was close to 
12 VDC), but rather an average value 
caused by the fact that a DC meter 
tends to average its reading. When a 
150-µF capacitor is connected across 
the 25 -ohm load, the ripple factor re- 

duces to 0.64 (Fig. 7A), and the output 
voltage rises to 10.86 VDC. Con- 
necting a 1000-µF capacitor across 
the load further drops the ripple factor 
to 0.096 and the voltage rises to 11.86. 

Another form of filter circuit is the RC 

pi -network shown in Fig. 9. Output volt- 
age V1 is what you would get from a 
single -capacitor filter, while the output 
voltage V2 is slightly lower, but with a 
substantially lower ripple factor. For 

full -wave circuits the ripple factor is: 

r = 2.5 x 10-ó/(C1C2R1 Rr) 

Working Voltage. The other rating for 

filter capacitors, besides capaci- 
tance, is the DC working voltage 
(WVDC). That rating specifies the max- 
imum voltage that the capacitor can 
safely sustain on a continuous basis 
(not at transient peak voltage). Be- 

cause AC -line voltages can vary ± 15 

percent, and the WVDC rating toler- 
ance may have a ± 20 percent toler- 
ance, it is prudent to use a capacitor 
with a WVDC rating that is at least 1.5 

times higher than the maximum output 
voltage expected from the rectifier. 

Regulation. A voltage regulator 
tends to smooth out the ripple consid- 
erably. In fact, a service -shop equip- 
ment salesman once told me that his 

0- to 18-VDC power supply had the 
equivalent of one farad of output ca- 
pacitance. What he meant, however, 
was the ripple was reduced by a volt- 
age regulator by the same amount as 

a 1,000,000-µF capacitor across the 
load! 

Want proof? Examine Figs. 10 and 11, 

which show unregulated and regu- 
lated outputs respectively. Both pic- 
tures were shot using the 0.1-V/cm 
oscilloscope sensitivity, AC coupling, 
and the same power supply, but Fig. 11 

shows a remarkable drop in ripple 
compared with Fig. 10. 
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U.S. Broadcasters 
and 

Commercial 
Shortwave 
BY DON JENSEN 

There were those who thought I 

was crazy when I put WRNO 
Worldwide on the air," says 

Joseph M. Costello Ill, who in early 
1982 started the first U. S. commercial 
shortwave station in 40 years. 

"Some still do!" 
Maybe so, but some of the biggest 

names in the broadcasting and the 
publishing industries are beginning to 
sit up and take notice of Costello's in- 
ternational station, and several others 
that have joined it in the past few 
years. 

"I can't give you names for publica- 
tion," says George Jacobs, a con- 
sulting broadcast engineer who has 
been thumping the drum for privately 
licensed shortwave for more than a 
dozen years, and who has helped in 
the set up of most of today's commer- 
cial SW stations. "But yes, there are 
rumblings from several of the 'biggies' 
about getting into it, too." 

There are about 350 -million short - 

A handful of daring entrepreneurs have 
turned their attention to commerical shortwave. If 

they succeed, can the big-time broadcasters be far behind? 

wave receivers in the world, says Jac- 
obs, a former broadcast -engineering 
official with more than 30 years of ex- 
perience with the Voice of America 
and Radio Free Europe. Ten million of 
those radios are in North America. 

"This is a big audience. If you can 
reach it commercially, there is money 
to be made." 

Today there are three U.S. commer- 
cial -shortwave broadcasters: Cos- 
tello's WRNO Worldwide in New 
Orleans; Superpower KUSW in Salt 
Lake City, Utah; and the Christian Sci- 
ence Monitor's stations, WCSN at 
Scotts Corners, Maine, KYOI on the pa- 
cific island of Saipan, and the soon to 
be operational WSHB at Cypress 
Creek, South Carolina. The operating 
frequencies for those stations can be 
found in Table 1. 

A Little History. Pioneers? Well not 
really, since it's the second time around 
for commercial shortwave radio in the 

United States. Back in the late 1930's 
and early 1940's, the two major do- 
mestic radio networks and the three 
big radio manufacturers all tried to 
make SW pay its way with advertising. 

The trigger for that early effort was a 
Federal Communications Commission 
ruling in May 1939, authorizing private 
shortwave broadcasters to begin 
seeking advertising revenues to offset 
the roughly $3 million a year that the 
stations collectively had been pump- 
ing into their experimental broadcasts. 

The National Broadcasting Co., 
which in 1940 operated stations WRCA 
and WNBI at Bound Brook, NJ (about 
30 miles from New York City) was the 
first to exploit the international medium 
commercially. 

NBC signed the United Fruit Compa- 
ny to a $25,000 -a -year advertising 
contract. Its sponsorship of the June 20, 
1940 Joe Louis -Arturo Godoy fight re- 
portedly drew 35,000 fan letters from 
listeners in Latin America. 
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Selling its shortwave airtime for $300 

an hour, NBC soon added sponsors 
such as Adams Hats, Texaco, Stan- 
dard Oil, Camel cigarettes, and 
Kolynos toothpaste, plus a couple of 
Manhattan hotels: the Astor and the 
Waldorf Astoria. The next year the net- 

work earned $150,000; not bad, but 
not enough to lift its overseas commer- 
cial operations out of the red. 

CBS was much slower in moving into 
commercial broadcasting; their short- 

wave outlets, located in Brentwood, 
Long Island, were WCBX and WCRC. 
In 1942, when the federal government 
stepped in to nationalize shortwave 
broadcasting for the duration of the 
war, the junior network was just begin- 
ning to look for advertising revenue. 

Others were also into the commer- 
cial -shortwave game. The Crosley 
Corp., in Cincinnati, had a single 75 - 

kilowatt shortwave station, WLWO, on 
the air. Its ad rates were lower than 
NBC's, and it sold one -minute "spots" 
as well as program blocks. Like its net- 

work competition, WLWO audiences 
were in Latin America, with some of its 

programs and commercials in English; 

others were translated into Spanish. 
The company soon built up a sizable 
shortwave business with clients like 
Firestone tires, the Moore -McCor- 
mack steamship line, and The Read- 
er's Digest. 

Other companies that tried com- 
mercial shortwave broadcasting, 
though on a more limited level, were 
Westinghouse and General Electric. 
Westinghouse, operating WBOS in 

Joe Costello is shown here with WRNO 
Worldwide's 100,000 -watt transmitter. 

Hull, Massachusetts, in 1941 had but 
one sponsor. General Electric, which 
also was looking westward to the Pa- 

cific for audiences, had three outlets: 
WGEA and WGEO, which were lo- 
cated at its Schenectady, N.Y. plant, 
and KGEI in Belmont, California. Those 

stations gave free air time to compa- 
nies-Tidewater Oil, Conde Nast Pub- 
lishing Co., and American Express 

among them-that would bear the 
cost of producing programs. 

If the war had not intervened, those 
early SW -for-profit efforts might have 
succeeded. As it turned out, commer- 
cial shortwave was not revived at war's 

end. As a money -making medium, it 

was forgotten until Costello took a 
chance three decades later. 

Now, on its second time around, will 

advertisers respond to commercial 
shortwave? That question will be an- 
swered over the next few years by the 
new entrepreneurial SW broadcasters. 

Another Try. Jacobs, who retired 
from government shortwave service to 
head his own consulting firm, George 
Jacobs and Associates Inc., is gener- 
ally credited as being the spark that 
re -ignited interest in private, commer- 
cial shortwave -radio broadcasting in 

the U.S. 

In 1976, or so, Jacobs recalls, he was 
a luncheon speaker at the National 
Association of Broadcasters con- 
vention in Las Vegas. 

"I was speaking about shortwave ra- 

dio, which was then primarily a gov- 
ernment operation. I said, you know, 
some entrepreneur is going to come 
along and tap this medium and find a 
way to make a commercial service 
make money. 

"Joe was in the audience that day, 
Joe Costello," says Jacobs. "And the 
bug sort of bit him!" 

Costello says his interest in shortwave 
started when he began listening at 
age 12. By 15 he had his ham -radio 
license. In high school he reported for 

a local broadcasting station and he 
went on to major in radio and TV pro- 
duction at Loyola University. 

He built his first FM outlet in 1967 and 
later acquired a chain of broadcast 
outlets and movie theaters in the Gulf 
states. 

Why hasn't anybody done this? Cos- 
tello asked himself. Why hasn't anyone 
put a commercial shortwave station 
on the air? 

"The more I asked why, the stronger 
grew my conviction that it could be 

George Jacobs, who has been banging the 

drum for commerical shortwave for over a 

dozen years, has helped set up each of the 

operations on the air today. 

done. I had the land for a station. I had 
the income to underwrite it. I knew I 

could make it pay!" 
Costello applied for his license in 

1978, and got his construction permit 
the next year. On February 28, 1982, 

WRNO Worldwide went on the air. 

Economics and Programming. 
Regulations require at least a 50,000 - 
watt shortwave transmitter and a di- 
rectional antenna system with a 10 -dB 
forward gain. But in this age, Jacobs 
says, 50 kilowatts of power won't get 
you very far. 

WRNO and the more recently acti- 
vated KUSH run 100 -kilowatt transmit- 
ters, which Jacobs says really must be 
considered regional stations, even 
though their signals do a decent job in 

reaching most of the world. 
The Christian Science Monitor has 

opted for 500 -kW transmitters, which 
can offer first-rate worldwide recep- 
tion, but at a big price tag. 

Even a modest 50,000 -watt short- 
wave transmitter and antenna system 
will run about $400,000, and that 
doesn't include a site purchase or en- 
gineering and installation costs, says 

Jacobs. 
Published figures indicate Costello, 

who already had a site and a build- 
ing, invested $750,000 in WRNO 
Worldwide. 

And, according to Jacobs, if an en- 
trepreneur wants to set up a 500 -kW 
station, he can spend at least $2.5 mil- 

lion for the equipment, and a similar 
sum for land and installation. 

C -on 
co 
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On top of that, the electricity to 
power a minimum -sized 50 -kW short- 
wave transmitter will cost about 
$53,000 a year. Multiply that times 2 or 
10, respectively, to fire up a 100- or 500 - 
kW transmitter for a year's worth of pro- 
gramming. 

"But," says Costello, "I never saw it as 
a gamble!" 

WRNO Worldwide had been on the 
air only a short time when Ralph J. 

Carlson, a 20 -year veteran of the 
broadcasting business with a small 
string of AM and FM outlets in Utah, 
Arizona, and Nevada, turned up in 
New Orleans for another National As- 
sociation of Broadcasters meeting. 

"Joe Costello took several of us on a 
tour of his new facilities," the Salt Lake 
City broadcaster remembers. "I was 
impressed with the future of commer- 
cial shortwave and vowed I was going 
to get into it too." 

It took four years, but on December 
26, 1987, Superpower KUSW went on 
the air with its own 100,000 -watt station. 

"This is a global society today," Car- 
lson says. "Some 35 percent of the cars 
we drive have foreign nameplates. Try 

to find an electronic item that's not 
made in Taiwan or Germany or Korea. 

"I felt there is an opportunity with 
commercial shortwave radio to pro- 
mote American products to the rest of 
the world." 

But Carlson's KUSW was the third, not 
the second U.S. commercial short- 
wave broadcaster on the air. 

In mid -March 1987, WCSN, a short- 
wave offshoot of the widely respected 
Christian Science Monitor newspaper, 
went on the air from a broadcasting 
site in rural Maine with a mighty 
500,000 -watt transmitter. 

Though often thought of as just an- 
other of the small group of the U.S. re- 
ligious SW broadcasters, the Christian 
Science Monitor's operation is consid- 
erably more. Its programs fall in two 
distinct categories. 

There is, of course, the weekend 
block of Christian -Science programs, 
including a broadcast of the Sunday 
services from the First Church of Christ 
Scientist in Boston. But on weekdays, 
and Saturday too, there are the World - 
Service programs-mostly news, com- 
mentary, interviews, and features- 
which are not only secular, but com- 
mercial. 

Since WCSN went on the air, its par- 
ent organization also bought a failed 
SW station, KYOI on the island of 
Saipan, which tried unsuccessfully to 

TABLE 1- 
U.S. COMMERCIAL SHORTWAVE STATIONS ON THE AIR 

STATION 
Independent 
WRNO Worldwide 

Superpower KUSW 

Christian Science 
Monitor 
WCSN (Maine) 

KYOI (Saipan) 

WSHB 
(South Carolina) 

ADDRESS 

P.O Box 100 
New Orleans, LA 70181 

P.O. Box 7040 
Salt Lake City, UT 84107 

P.O. Box 860 
Boston, MA 02123 

P.O. Box 860 
Boston. MA 02123 

P.O. Box 860 
Boston, MA 02123 

attract a Japanese audience with the 
translated sound of American rock ra- 
dio. 

KYOI has since been folded into the 
Christian Science Monitor mini -SW net- 
work, that is to be joined by a newly 
built high-powered station on the 
South Carolina coast by early 1989. 

Paying their way. Kent Fricks, general 
manager of radio marketing for the 
Christian Science Monitor Syndicate, 
says that the station is taking its venture 
into commercial shortwave "a step at 
a time." 

Although the church provided the 
"seed money"-some $50 million, 
Broadcasting magazine reported-to 
set up the elaborate and expensive 
shortwave system, Fricks says the hope 
is to increase commercial revenue 
within five years to a level where it will 
completely pay for the operations. 

"It's a matter of developing and 
growing at this point." 

Curiously, it is WRNO Worldwide that 
has relied most on revenue from re- 
ligious sources. 

"It was true when we started and it is 

still true today." Costello says, "we car- 
ry Gospel programs from a number of 
the radio ministries. 

"For a couple of hours a day and for 
Sunday mornings, we can get enough 
revenue from them to cover our oper- 
ating expenses. Whatever else we 
earn is a plus." 

KUSW's Carlson says his station 
doesn't derive a major part of its in- 

come from paid religious broadcast- 
ing, with only one such program on the 
air. But, he adds, "we're going to do a 
little more selling of time to the Gospel 
programs." 

It's the Christian Science operation 

FREQUENCIES (kHz) 

6,185, 7,355, 11,965. 
13,760, 15,420 

6,135, 6,155, 9,815. 9,850, 
11,695, 15,225. 15.580, 15,690 

5,980, 9,495, 9,850, 9,870, 
13,760, 15,300, 15,390, 21,640 

9,495. 11,900, 
15,405. 17,780 

To begin operation later this year 

that has avoided selling religion com- 
mercially, 

"We're looking at three main forms 
of funding," Fricks explains. "There are 
the traditional advertising spots 60 
seconds right now, but that could be 
expanded to 90 or 120 seconds as 
well. 

"Then we're looking at sponsorship 
of our news broadcasts, and thirdly, a 
program -underwriting approach sim- 
ilar to that of National Public Radio." 

Within its World -Service two-hour 
program blocks, WCSN began by 
scheduling merely a pair of one -min- 
ute spot commercials. Early in 1988, 
the number of commercials increased 
to six and, by late spring, to a dozen, or 
10 percent of the 120 -minute program 
block. 

Fricks has no plans for a greater con- 
centration of commercial spot an- 
nouncements at this time. 

Advertisers include an international 
immigration attorney, with offices in 
Paris, Hong Kong, and California; a 
company that markets travel prod- 
ucts; a firm offering language lesson 
tapes; an investment newsletter; and 
others. 

"We're trying to find products or ser- 
vices that in some way seem to be 
useful to international listeners," he 
says. "We are abiding by the spirit and 
the letter of the FCC requirement that 
the advertised products be available 
in the countries to which we are broad- 
casting." 

That raises the somewhat touchy is- 

sue of intended audience. 
The rules don't prohibit broadcast- 

ing to U.S. listeners, says Jacobs. They 
approach it in a different way, requir- 
ing that the antenna be aimed at an 

(Continued on page 107) 
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Anyone that has seen the array 
of electronic test equipment 
used by auto -repair shops may 

have wondered how a small gizmo 
with wires can be put in the exhaust 
pipe of the automobile to give a read- 
out of the a rfuel mixture so the car- 
buretor car be perfectly adjusted. 
Maybe you've wondered how a digi- 
tal readout of miles -per -gallon is ob- 
tained while you are driving your car 
down the highway. Even if you haven't 
wondered about such things, there are 
electronic circuits to measure tem- 
perature, moisture, air quality or flow, 
and small linear motions. For example, 
hospitals are filled with instruments that 
read pulse rates, blood pressure, and 
many other biological parameters. 

Every instrument, no matter how so- 

phisticated its application, or how 
complicated its design, contains at 
least one sensing element. That sens- 

ing element (or elements) is the heart 
of the device and is always a sur- 

prisingly simple electronic compo- 
nent. The basic purpose of a sensor is 

to convert (or transduce) differences in 

some environmental condition into a 
change in a circuit parameter (volt- 
age, current, resistance, capaci- 
tance, inductance, etc.) that can be 
processed to achieve some desired 
result. 

Electronic sensing can be used any- 
time there cre two conditions that can 
be compared. For simplicity, we will 

call them the normal and abnormal 
conditions. Those conditions may 
be hot anc cold, light or dark, 
wet or dry, loud or quiet, or any 
other two dissimilar condi- 
tions. By using the proper 
electronic element in the 
proper signal -con- 
ditioning circuit, those 
varying conditions 
can be converted 
into a current or volt- 
age to be cisplayed by some meter, or 
digital data for digital -display pur- 
poses. The sensing elements used can 
be resistive. capacitive, inductive, op- 
tical, or any combination of two or 
more of those methods. The sensing 
schemes presented here are just a few 
of the methods used and by no means 
represent all of the ways various condi- 
tions can be sersed. 

Using Resistance. Resistance is used 
for many sensor applications. Carbon 
resistors, which date back to the ear- 
liest days of radio, have long been 

Making 
tense 
of 

Sensors 

Here is a potpourri of 
electronic sensing methods 

that can detect anything 
from air speed 

to zoo odors electronically. 

BY W. SCHOPP 

known to exhibit a change in resis- 

tance with temperature. They de- 
crease in resistance as they get hot. 

That is undesirable when a resistor is 

used in radio circuits. However, in sens- 

ing applications it is a useful trait, as 
we will explain. The resistance change 
becomes quite pronounced with 
large temperature variations, such as 
going from room temperature to very 
cold cryogenic temperatures. The re- 

sistance changes can be detected as 
a current change or voltage drop 
across a load resistor in a circuit, see 
Fig.1. Enough current is supplied to the 
circuit to cause a small amount of self 
heating in the sensing resistor. External 
cooling of the resistor will cause varia- 
tions in the resistance. That type of 
sensing element is often used in level 
indicators for cryogenic -liquid con- 
tainers. 

The same basic method is used in 

Fig. 2 to sense the flow or lack of flow of 
gas over the sensing resistor. The same 
circuit can measure either gas flow at 
a constant temperature or variations in 

gas temperature. Circuits can be de- 
vised that distinguish between the two 
and read either or both. 

Sensing resistors in a balanced 
bridge circuit, such as that in Fig. 3, 

can be used to detect the presence of 
a gas other than air by utilizing the fact 
that different gases have different 
cooling abilities. If both resistors were 

exposed to an equal amount of air 
flow, and the bridge circuit is bal- 

anced under that condition, a 
change in the nature of the gas 

on one side would cause the 
bridge circuit to unbalance. 

The unit can be calibrated 
to indicate the air quality. 

Thermistors evolved by 
taking the unfortunate 

resistor -temperature 
instability and ex- 
ploiting it further to 

ache e larger resistance changes 
with smaller temperature changes. 
Calibrated thermistors that exhibit a 
known resistance change over a cer- 
tain temperature range are now com- 
mon electronic parts. Positive and 
negative temperature coefficients, 
which respectively increase and de- 
crease n resistance with rising tem- 
perature, are also available. 

Capacitance Variations. Capac- 
itance is often used as the altering cir- 
cuit parameter a sensing device 
monitors. Any LC oscillator can be 

c7o` 
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M1 

Fig. 1. Variat'ons in the sensing 
resistors resistance, Rs, will show up 
as voltage changes across the load 
resistance, RL, for display on MI. 

+v 

TUBE OR DUCT 
FEED THRU 

M1 

Fig. 2. Current is used to heat the 
sensing resistor while airflow cools the 
resistor down. As the resistor's 
temperature changes, its resistance 
changes, which shows up on M1. 

AIR FLOW 
ßl`111 

TUBING 

TUBING 

bGAS FLOW 

Fig. 3. The flow rate and quality of air can be n 
is normally balanced 'till some condition in one 

made to vary its frequency by chang- 
ing a capacitance (Cs) in its tank cir- 
cuit (see Fig. 4). With one plate fixed in 
position, and the other plate movable, 
the capacitor can be used to measure 
very small movements of whatever its 
movable plate is attached to. 

Another method of sensing with ca- 
pacitance changes is shown in Fig. 5. 
Two identical tuned circuits are driven 
by a common oscillator. One of the 

OUT 

B1 

Fig 4. Changes in the output frequency 
of this circuit indicate changes in its 
sensing capacitance, Cs. 

circuits contains a sensing capacitor 
(denoted Cs) and the voltage across 
the other tuned circuit is monitored 
with a high impedance voltmeter. 
When both circuits are tuned, the volt- 
age across the metered circuit will be 
at a maximum. As the capacitance is 

changed by the sensing element, a 
Ti 

Fig. 5. Even small changes in the sensing 
capacitance will strongly vary the voltage 
sent to the VTVM. 

BALANCE 

ceasured with this device. The circuit 
of the tubes changes. 

voltage change will be detected in 
the metered circuit. Although the 
range is limited, the sensitivity is quite 
high for small changes in C. 

Inductance Changes. Inductance 
changes are detected by oscillator 
circuits just like capacitance changes. 
In fact, all the capacitance -based cir- 
cuits described previously can be 
modified to measure inductance vari - 

M1 

Fig. 6. Movement of the core results in 
changing the coupling between the 
transformer windings, and thus the 
reading on AC meter MI. 

ations instead of capacitance 
changes. The inductance of a coil var- 
ies with the movement of a magnet- 
ically susceptible material placed 
close enough to it. 

A simple method for measuring 
small linear movements is shown in Fig. 
6. A small movable core in the field 
between the two windings will in- 
crease their coupling as the core 
moves in between them, thereby pro- 
ducing an increasing AC output at the 
secondary. The windings can be 
wound together on a hollow form that 
allows the core to slide in and out of its 
center. With the proper circuit, that 
type of sensor can even measure mi- 
croinch core movements. 

A scheme for remotely measuring 
the height of a magnetically suscepti- 
ble liquid in a container is shown in Fig. 
7. The coil, which is a part of the cir- 
cuit's LC network, is wound around the 
glass -tube visual indicator of the tank. 
A remote readout, made from a spe- 
cially calibrated frequency meter, 
can detect the fluid height by reading 
the oscillator frequency, which 
changes as the liquid replaces the air 
as a core for the inductor. 

Optics. Many sensing circuits have 
been designed around optical sens- 
ing devices. Among the more com- 
mon of those are infrared perimeter 
monitors, burglar alarms, and door an- 
nunciators. They all use a focused light 
source directed at a photo cell and 
signal an event if the light beam is in- 
terrupted. A less common application 
is shown in Fig. 8. That sensing device 
can monitor liquid height in an inac- 
cessible location. The optical sensor is 

composed of two clear plastic or glass 
rods attached to a prism. When the 
prism is not in liquid, light from the lamp 
is directed down one rod and reflects 
off the inner prism surfaces and back 
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Fig. 7. As the liquid rises or falls in the container, it alters the inductance in the 

oscillator, and so it alters the output frequency also. 

+1 

B21 
R1 

11 

1" +o 

LIGHT 
PATH 

GLASS OR 

PLASTIC 
RODS 

M1 

PRISM 

DIFFUSING 
LIGHT 

Fig. 8. When liquid wets the side of the 
prism, it allows the light to diffuse 
instead of reflecting it. 

SIDE VIEW 

LOOSE 

BALL 
INSIDE 

FLOW 

OUT 

FLOW IN --0> 

LAMP & PHOTOCELL 
MOLDER 

A 

Fig. 9. As you can see in the side view 
(A) the loose ball is allowed to rush past 
the lamp/photo cell assembly (B) and the 
frequency of the pulses produced by the 
photo cell will be proportional to the rate 
of flow of the fluid propelling the ball. 

LEDI 

B2 

I 
Fig. 10. Interrupted light applications 
include things such as smoke detectors. 

MOVABLE 
REFLECTIVE 

SURFACE 

Fig. 11. By placing an LED and LDR close to each other, but separated by a divider, 

they can be used to indicate the relative proximity of a reflective surface. 

to the photo cell. When the prism sur- 

faces are wetted by liquid, the reflec- 
tive glass/air interface is replaced by 
the transmissive glass/liquid interface 
and the amount of light to the photo 
cell is reduced. 

An off-the-wall liquid -flow sensing 
device based on optical principles is 

shown in Fig. 9. As liquid flows through 
the clear -plastic enclosure, a small 
plastic ball is forced to rotate inside it. 

The speed of the ball's revolutions is 

proportional to the amount of liquid 
flowing through the device. As the ball 
revolves inside the enclosure, it inter- 
rupts the light path from the lamp to 
the photo cell. That produces a pulse 
train whose pulse frequency is propor- 
tional to the liquid flow. The circuit is 

easily adapted to digital circuitry 
since it starts with digital data at the 
sensor. By using that device to measure 
gasoline flow and another device that 
measures mileage, a readout of miles 
per gallon can be obtained. 

Very simple concepts are often used 
for very sophisticated purposes. Figure 
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10 shows is a standard LED light source 
and a photo cell. In that configuration, 
the sensor can be used for smoke de- 
tection, card reading, or any other in- 
terrupted -beam application. 

When the elements are mounted 
parallel to each other, as shown in Fig. 

11, the unit can be used as a reflective - 
surface indicator. It can measure ei- 
ther the distance or quality of a reflec- 
tive surface. 

No matter what type it is, the ulti- 
mate use of a sensor is to transform the 
normal and abnormal conditions of 
something into a current, voltage, or 
resistance that can be interpolated by 
a readout circuit. Almost anything can 
be sensed electronically, and all sens- 

ing circuits can make sense if they are 
studied. 

w 
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BRANCH -CURRENT\\ 
CIRCUIT ANALYSIS 

BY LOUIS E. FRENZEL, JR. 

Calculating circuit parameters is a snap 
if you follow this five -step procedure. 

It is hoped that the rather complex - 
sounding title hasn't scared you 
away from this article, since there is 

actually nothing I'll present that is mys- 
terious or difficult. Sure, it involves a 
little math, but as you will discover, it is 
nothing more than the simple algebra 
you learned in high school. You may 
have forgotten some of it, but don't 
worry, I will give you a quick refresher 
course in basic equations. Then I'll 
show you some easy ways to solve si- 
multaneous equations. To make it all 
more interesting and meaningful, I will 
introduce the branch -current method 
of analyzing some electronic circuits. 

In previous columns, I covered other 
circuit -analysis methods using 
Kirchhoff's laws and Thevenin's and 
Norton's theorems. In this and the next 
issue, you will learn circuit -analysis 
methods that result in equations with 
two or more unknowns. You will apply 

2 what you learn to solve those "simulta- 
Z neous equations," as they are called, 

crfor such circuits to find the value of the 
wo 

unknowns. J 
W 

ó A Review of Algebra. An equation is 

vh nothing more than a statement that 
z two expressions are equal. Expressions 

= consist of constants and variables. A 

u constant is just some fixed numerical 
z value. Typical constants are 1938, - 5, 

O and 0.0029. Variables are letters (X, Y, 

I- Z, etc.) used to represent numerical 
values that are usually unknown. Some 

w simple equations are: cc 

D 

á 
X=14 

2X-8=12 

5X+3Y=67 

In the last two equations, the varia- 
bles are preceded by numbers called 
"coefficients." In the second equation, 
the coefficient of X is 2. In the last equa- 
tion, the coefficient of X is 5 and the 
coefficient of Y is 3. A variable is multi- 
plied by its coefficient. Notice the ab- 
sence of multiplication signs between 
variable and coefficients. It is just un- 
derstood that if variables and/or num- 
bers are placed right next to each 
other they are multiplied together. 

The whole idea of algebra is to ma- 
nipulate equations in various ways so 
that you can find the value of some 
unknown variable. Most of the tech- 
niques used to achieve that are pretty 
trivial, but effective. Let's take a look at 
some of them. 

Addition and Subtraction. One way 
to solve equations is to add or subtract 
values. The main rule to remember is 
that you have to add (or subtract) the 
same value to both sides of the equals 
sign to keep the expressions on both 
sides of the equal sign equal or to 
keep the equation in balance. Here 
are a couple of examples: 

X-7=19 

Our objective is to find the value of X. 
The basic procedure is to get the vari- 
able on one side of the equation by 
itself and all the other stuff on the other 
side. For example, to get X by itself in 
the equation above, we can add 7 to 
both sides: 

X-7+7=19+7 

The + 7 on the left cancels the -7 on 
the left, leaving X as desired. The result 
is: 

X = 26 

In the second example below, the 
job is to find the value of Y: 

Y+11=3 

To isolate Y we just subtract 11 from 
both sides. The result is: 

Y+11-11=3- 11 

Y= -8 
No big deal, right? 

Multiplication and Division. You can 
also multiply or divide both sides of the 
equation by the same value as a way 
to help isolate the variable you want 
on one side by itself. Take the equation 
we gave earlier: 

2X-8=12 
First we get rid of the 8 by adding 8 

to both sides: 

2X-8+8=12+8 
The -8 cancels the + 8 giving: 

2X = 20 

We now need to get rid of the coeffi- 
cient of X, which is 2. So we just divide 
both sides by 2. That gives: 

2X/2 = 20/2 
X=10 

Here's an example containing a di- 
vision: 

Note that: 

Y/5 = 3 
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Y/5 =1/5Y 

So'/5 is the coefficient of Y. To get rid of 
that coefficient, all we do is multiply 
both sides by 5: 

5Y/5 = 5 x 3 

Y=15 

Simple, huh? 

Moving Constants and Variables. As 

you play around with an equation try- 

ing to isolate and solve for a variable, 
you may need to shuffle the constants 
and variables around. For example, 
you may have noticed that when we 
add or subtract a number from both 
sides of an equation it's as though we 
moved the number to the other side of 
the equal sign and changed the sign 

of the number. More specifically, it is 

okay to move constants or variables 
from one side of the equals sign to the 
other. If you do, just change its sign. 

Here is an example: 

X+7=0 
X= -7 

Another example: 

2=5-Y 
Y=5-2=3 

Sometimes you may end up with an 
equation like this: 

9= -Y 
You really want the value of Y, not - Y. 

So you could move both 9 and -Y to 
the opposite sides of the equation 
changing their signs as you go. That 
gives you: 

Y= -9 
You could also achieve the same re- 

sult by simply multiplying both sides of 
the equation by -1. The values aren't 
changed, but their signs are: 

9= -Y 
(-1)9=(-1)(-Y) 

-9=Y 

Now the Y is on the right rather than the 
left, but that's okay as we have still 

solved for the variable. 
Sometimes a variable may appear 

two or more times in an equation. If so, 

put all occurrences of that variable on 
one side of the equation and combine 
them. For instance: 

8Y -7=3Y+21 
8Y -3Y=21+7 

5Y = 28 
5Y/5 = 28/5 

Y=5.6 

Practice Problems. Before we go 
on, blow out the cobwebs with these 
problems: 
1. X+8= -15 
2. 3Y-5=19 
3. 4X+6= -7X+39 
4. 8Y -12=3+3Y 
5. X/6=5 -2X 

Simultaneous Equations. So far we 
have talked about equations with only 
one variable. But you will more often 
encounter equations that contain two 
or more variables or unknowns. Here 

are Iwo examples: 

2X -3Y=5 
X+6Y-4Z=19 

As in one variable equations, our 
objective is to find values for the un- 
knowns. As it turns out, that is possible 
only if you have as many equations as 
there are unknowns. If you have two 
variables, then you must have two 
equations containing those variables 
in order to find a solution. To solve for 
three variables, you must have three 
equations and so on. Such equations 
share or have the same values for the 
variables. That is why they are called 
"simultaneous equations." Solving si- 

multaneously is pretty easy as all you 
have to do is combine some of the 
tricks and rules given earlier. The basic 
procedure is to eliminate one of the 
unknowns, then solve for the remaining 
variable. You can then plug the value 
you determine back into one of the 
original equations to solve for the other 
variable. The methods for eliminating 
a variable are called addition, sub- 
traction, substitution, and comparison. 

Adding or Subtracting. You can 
eliminate one variable by adding the 
two equations or subtracting one from 
the other to cause one of the variables 
to cancel out. For instance, take the 
two equations below: 

2X+5Y=10 
-X - 3Y = 6 

Adding those equations won't result 
in the cancellation of either of the vari- 
ables. But if we multiply both sides of 
the lower equations by 2, and then 
add the left side of the first equation to 
the left side of the second, and the 
right side of the first to the right side of 
the second we get: 

2X + 5Y + ( - 2X - 6Y) =10+12 

Which reduces to: 

-Y=22 

or: 

Y= -22 
The 2X and - 2X cancel when we 

add, leaving only one variable (Y). We 
know Y = - 22. So now we go back to 
one of the original equations, sub- 
stitute Y, then solve for X: 

2X+5(-22)=10 
2X-110=10 

2X=110+10=120 
X=60 

Just to prove that the values (X = - 22, 

Y = 60) also satisfy the other equation, 
let's plug them in and solve it: 

-X - 3Y = 6 
-(60)-3(-22)=6 

-60+66=6 
6=6 

Which is obviously true. 
Here's another example: 

5X+8Y=14 
X+2Y= -20 

Let's subtract the two equations. But 

first, we need to get the coefficients of 
one of variables equal so they will can- 
cel. So, let's multiply the lower equa- 
tion by 4 so the Y's will drop out. (We 
could also multiply the lower equation 
by -5 to get the X's to drop out.) So we 
get: 

-(4X+8Y= -80) 

And now adding the left sides and the 
right sides: 

5X + 8Y - (4X + 8Y) =14 - 80 X=94 

To find Y, plug the X value into one of 
the original equations and rearrange 
it: 

X+2Y= -20 
94+2Y= -20 

2Y= -94-20= -114 
2Y/2 = -1 14/2 

Y= -57 
Again, you can verify your values by 
putting them into the other equation 
and solving: 

5X+8Y=14 
5(94) + 8(- 57) =14 

470-456=14 
14=14 

Substitution. Another way to solve 
simultaneous equations is to solve one 
equation for one variable in terms of 
the other. Then substitute that value into 
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the other equation and solve for the 
other unknown. Let's start with these 
equations: 

2X - 5Y = -3 
3X+Y=8 

Let's use the second equation and sol- 
ve for Y: 

3X+Y=8 
Y=8 -3X 

Now, substitute that value for Y in the 
first equation and find X: 

2X -5Y= -3 
2X - 5(8 - 3X) = -3 
2X -40+15X= -3 

17X-40= -3 
17X=40-3=37 
X=37/17=2.17ó 

To find Y, use the above value of X in 
either equation: 

3X+Y=8 
3(2.176)+Y=8 
6.529+Y=8 

Y=8-6.529=1.471 

Comparison. In solving simultaneous 
equations by comparison, you solve 
each equation for the same variable, 
then set the two equations equal. That 
allows you to solve for the other varia- 
ble. Finally, you plug your answer into 
either original equation to find the re- 
maining value. Let's use a now familiar 
example: 

2X+5Y=10 
-X-3Y=6 

Solving the first equation for X: 

2X+5Y=10 
2X=10 -5Y 

X= (10 - 5Y)/2 = 5 - 2.5Y 

Solving the second equation for X: 

-X-3Y=6 
-X=6+3Y 
X= -6-3Y 

Now, set the two X values equal and 
solve for Y: 

5-2.5Y= -6-3Y 
3Y -2.5Y=-6-5 

0.5Y= -11 
Y= -11/0.5= -22 

Using the original equation, we solve 
for X: 

-X-3Y=6 
-X-3(-22)=6 

-X+66=6 
-X= -66+6= -60 

X=60 

Practice Problems. Now try some of 
the techniques yourself. 
6. Solve the equation below by addi- 
tion: 

X+Y=18 
2X -2Y= -44 

7. Solve these equations by substitu- 
tion: 

2X+Y=6 
3X -3Y=0 

8. Solve these equations by com- 
parison: 

3X -2Y= -21 
5X+4Y= -13 

Equations with Three Unknowns. 
Some problems result in three unknown 
variables. To solve such a problem, 
you need three equations each con- 
taining the unknowns. Here's an exam- 
ple: 

X- Y+2Z=16 (eq. 1) 

X-3Y+4Z=28 (eq. 2) 
4X+2Y-2Z=12 (eq. 3) 

One way to solve such a set of equa- 
tions is to express one variable in terms 
of the other two, then substitute the ex- 
pression into the other two equations. 
That gives you two equations with two 
unknowns which you solve by the 
methods given earlier. Let's do that. 
First, we'll solve equation 2 for X: 

X-3Y+4Z=28 
X=28+3Y-4Z 

Now, pluging that expression into 
equation 1 and reducing yields: 

(28 + 3Y -4Z) -Y + 2Z =16 
2Y -2Z= -12 

We can reduce it further by dividing 
both sides by 2 before solving for Y: 

Y -Z= -6 
Y=Z-6 

Puffing our expression for X into equa- 
tion 3 gives: 

4(28 + 3Y - 4Z) + 2Y - 2Z =12 
1 12+12V-16Z+2Y-2Z=12 

14Y -18Z= -100 

Dividing both sides by 2 gives: 

7Y -9Z= -50 
Okay, continuing to use the substitu- 

tion method, let's now solve the two 
new equations. We substitute the new 
version of equation 1 for Y in the new 
version of equation 3 and solve: 

7Y -9Z= -50 
7(Z -6)-9Z= -50 
7Z -42-9Z= -50 

-2Z= -8 
-Z= -4 

Z=4 

Now we can go back to the equa- 
tion for Y and solve it: 

Y=Z-6 
Y=4-6 
Y= -2 

Now we know two of the variables. 
We put them back into one of the origi- 
nal equations to get X. Let's use equa- 
tion 1: 

X-Y+2Z=16 
X-(-2)+2(4)=16 

X+2+8=16 
X+10=16 

X=16-10=6 

Review of Kirchhoff's Laws. 
Kirchhoff's laws are invaluable for solv- 
ing complex circuits. There are two ver- 
sions: the voltage law and the current 
law. 

Kirchhoff's voltage law applies to se- 
ries circuits. It says that the sum of the 
voltage drops across the components 
in a series circuit is equal to the source 
voltage. For the circuit in Fig. 1, we 
would write that as: 

V+V2+V3=Vs 
where V1, V2 and V3 are the voltages 
across the resistors while Vs is the 
source voltage. 

Sometimes you will hear Kirchhoff's 
voltage law expressed as "the sum of 
the voltage drops around a series cir- 
cuit, including the source voltage, is 

equal to zero." You can see that in Fig. 
1. Note the polarities of the resistor volt- 
age drops. If you follow the direction of 
current flow from the negative terminal 
of the battery around the circuit, you 

V V2 V3 

4M+ 4M+ 4141**+ 

Rl R2 R3 

Vs I+ 

Fig. I. This series circuit should make 
Kirchhoffs voltage law obvious. The sum 
of the voltage drops around the loop 
must equal the source voltage. 
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encounter resistor voltages with similar 
polarities, - to + from left to right. The 
positive end of RI is + and it is con- 
nected to the - end of R2, and so on. 
When the polarities are in the same 
direction, the voltages add. Thus we 
get: 

VO- V2+V3 

But note when we get to the source 
voltage, the polarity is reversed. As you 
go around the loop, you see the end of 
R3 is connected to one side of Vs. To 

show the reversed polarity, we subtract 
Vs. Then we set the expression equal to 
zero. The result is: 

V1+V2+V3-Vs=O 

That is the algebraic expression of the 
voltage law. The expression is really the 
same as our original expression. All we 
do is move Vs to the left side of the 
equation. We change its sign as we do 
that. That leaves zero on the right side. 

Current Law. Kirchhoff's current law 
applies to parallel circuits (see Fig. 2). It 

states that the sum of the individual 
branch currents equals the total cur - 

Fig. 2. The current entering a circuit 
(or any one node) must be equal to the 

current leaving it. as this circuit 
makes apparent. Nodes don't have leaks. 

rent (It) drawn from the source. Al- 
gebraically, that is expressed as: 

it+12+13Hr 

In solving circuit problems, you usu- 
ally start by writing the circuit equation 
using one of Kirchhoff's laws, then solve 
for the unknown. 

You will also hear Kirchhoff's ex- 
pressed as "The sum of the currents into 
a circuit junction (node) is equal to the 
sum of the currents leaving that junc- 
tion." 

Going back to Fig. 2, you can see 
that the battery current I, divides at 
node B into three currents II, 12 and 13. 

Therefore: 

4=11+12+13 

At node A, I,, 12 and 13 come to- 
gether to form It. Or: 

10-12+13=1, 

The Branch -Current Method. A 
branch of a circuit is one part of a 
circuit through which a current flows. A 
simple series circuit has only one 
branch. A parallel circuit has Iwo or 
more branches. More complex circuits 
have two or more branches. We are 
specifically interested in those more 
complex circuits with two or more 
branches since that's where you can 
use your newly acquired knowledge 
of simultaneous equations. 

A good example is the circuit of Fig. 

3, which has two voltage sources. A lot 
of electronic circuits have two sources, 

R1 

50!! 

R2 

20!2 

R3 

7552 
1M 

zl. 
Vs2 = i 

B 

Fig. 3. Two loops for this circuit have 

been arbitrarily selected to assist us 

in writing the voltage equations. 

so the example we've chosen is a real- 
istic one. Before we see how to solve 
the circuit, let's give a couple of key 
definitions. 

First, a loop is a complete path in 

which current can flow. In the circuit of 
Fig. 3, we indicate two loops. Selecting 
and indicating loops on a circuit di- 
agram helps us to write the circuit 
equations that we will solve. They help 
us establish the signs of the terms in the 
equations we develop, and determine 
how many equations we will need to 
solve the circuit. The choice of loops 
and their direction is somewhat arbi- 
trary because they only help us to write 
consistent equations. In fact, we will 
not be solving for the loop currents, we 
will be solving for the individual com- 
ponent or branch currents. The loop 
currents are simply an aid for writing 
equations.. As long as we have enough 
loops to solve for each branch, we can 
use them to solve the circuit regardless 
of direction or of path chosen. 

Next, a node is a point in a circuit 
where two or more loops come to- 
gether. In Fig. 3, there are two nodes A 
and B where IA and IB come together. 
Now, how do you solve for the values of 

voltage and current in Fig. 3 using the 
branch -current method? The pro- 
cedure is outlined below: 
1. Assume at least one loop current 
flows through each branch of The cir- 
cuit. Draw the individual component 
currents for each branch. Wherever 
possible draw them so they have the 
same direction as the loop currents. 
(That will help you cut down on the 
number of negative signs in your equa- 
tions). 

As in Fig. 3, we assume two loops of 
current, I and IB. We could have used 
one large loop around the entire cir- 
cuit along with either I or IB if we wish- 

ed, since the choice of loops is 

arbitrary. As long as each branch has 
at least one current associated with it, 
we can correctly analyze the circuit. 

You can also assume any arbitrary 
current directions, but for simplicity, 
let's stick with electron flow from both 
batteries. 

We show all the individual compo- 
nent currents (Iv 12, and 13) in Fig. 4. 

2. Assign a voltage drop to each com- 
ponent in the circuit and indicate the 
polarities for all the voltages. 

The end of the resistor into which cur- 
rent flows is negative. The end of the 
resistor out of which current flows is 

13 

-lb> 

t12 

R2 

209 

R3 

7552 

-We+ 

V3 1 
Vs2 = i 

5V 

i 
Fig. 4. The three individual branch currents 
help us determine the polarity of the voltage 

drops in the circuit as well as the current - 
node equation. 

positive. The polarities are already in- 

cluded in Fig. 4. 

3. Write The equations for each loop 
using Kirchhoff's voltage law 

You just add the voltage drops in 

each loop and set their sum equal to 
the source voltage for that loop. For 

loop A: 

V2+V1=Vsi 

And for loop B: 

V2+V3=VS2 
We could've also added all the volt- 
age drops and the source voltage 
and set them equal to zero like this: 

có 
CO 
CD 
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V2+V1-VS1=O 
V2+V3-VS2=0 

The minus sign in front of the voltage - 
source terms indicates voltage in- 
creases that oppose the voltage 
drops. 

Either way, the equations don't tell us 
much because the component volt- 
ages are unknown. However, you can 
also write the equations in terms of the 
currents and resistor values. Re- 
member Ohm's law? The voltage 
across a resistor is the resistor value 
times the current, or: 

V=1R 

If we substitute the appropriate IR's for 
the unknown voltages, the equations 
become: 

I2R2+11 R1=VS1 

1282+1383=VS2 

or if you use the second method for 
writing the voltages down, the equa- 
tions become: 

1282+1181 - Vs, =0 
I2R2+1383-VS2=0 

Either way, we get one equation for 
each loop. 
4. Write the current equations using 
Kirchhoff's current law using a mini- 
mum number of nodes, but so all 
branch currents are included. 

We could write the current equation 
at node A or node B and include all 
currents. At node A, the current equa- 
tion is: 

12=11+13 

The current into the node (12) is equal to 
the sum of the currents leaving the 
node (11 and 13). 

5. Calculate the branch currents by 
solving the equations you obtained in 
steps 3 and 4. 

Our previously given loop equations 
were: 

12R2+11R1=VS1 

1282+1383=VS2 

Putting in the resistor and source -volt- 
age values gives us: 

2012+5011=10 
2012+7513=5 

We now have three unknowns and 
three equations including the current - 
node equation: 

2012+5011=10 
2012+7513=5 

12=11+13 

Note that while we have three equa- 

tions, all of the unknowns appear in 
each. As we've stated, that's fine just as 
long as there are three equations. We 
can use the substitution process de- 
scribed earlier to solve them. Since 12 is 

already expressed in terms of 11 and 13, 

we can just plug that expression in for 12 

in the remaining two equations and 
solve them. Starting with the first equa- 
tion: 

2012+5011=10 
20(11+13)+5011=10 
2011+2013+5011=10 

7011+2013=10 

Doing the same for the second equa- 
tion: 

2012+7513=5 
20(11+13)+7513=5 

2011+2013+7513=5 
2011+9513=5 

Now we've got two equations with two 
unknowns. Let's solve them by substitu- 
tion also. The two equations are: 

7011+2013=10 
2011+9513=5 

Let's solve the first one for 11: 

7011+2013=10 
7011=10-2013 

11= (10 - 2013)/70 

Now we plug that into the second 
equation and solve for 13: 

20(10-2013)/70+9513=5 
(200-40013)/70+9513=5 

2.86-5.7113+9513=5 
89.2913=5-2.86=2.14 

13 = 2.14/89.29 = .024 amps 

Now we can go back to a previous 
equation and calculate 11: 

2011+9513=5 
2011 + 95(.024)=5 

2011+2.28=5 
2011=5-2.28=2.72 

11=2.72/20 = .136 amps 

Now you can go to the other original 
equation to find 12: 

12=11+13 

12=.136+.024=.16 amps 

Practice Problem 
9. To understand the process, it is best 
that you go through an example your- 
self. It's a bit of work, but very satisfying 2X - 2Y = -44 
and revealing. Try to solve for the cur- 2( - 2) - 2(20) = -44 
rents in Fig. 5. (The loops have already -4 - 40 = -44 
been selected for you, so your solution 7, 2X + Y = 6 
should be similar to the one provided 3X - 3Y = 0 
in the answers to the problems. (Continued on page 104) 

l 
R1 

3052 

1M 

R3 

6052 

vs,_ 
6V 

= 

Tt»A 

R2 4052 

J 

1 

12v ' 

1 T+ 
IB 

Fig. 5. Using the parts values and 
loops supplied you must solve for the 
currents through each component. 

Answers to Practice Problems 
1. X+8= -15 
X= -8-15= -23 
2. 3Y-5=19 
3Y=19+5=24 
3Y/3=24/3 
Y=8 
3.4X+6= -7X+39 
4X+7X=39-6 
11X=33 
11X/11=33/11 
X=3 
4. 8Y -12=3+3Y 
8Y -3Y=3+12 
5Y=15 
5Y/5=15/5 
Y=3 
5. X/6=5 -2X 
6X/6= 6(5 - 2X) 
X=30 -12X 
X+12X=30 
13X=30 
13X/13= 30/13 
X=2.3 
6. X+Y=18 
2X -2Y= -44 
Multiply the first equation by 2: 

2(X + Y) = 2(18) 

Add the equations: 

2X + 2Y + (2X - 2Y) = 36 -44 
4X = -8 
X= -2 
Using the first equation to solve for Y: 

X+Y=18 
Y=18 -X 
Y=18-(-2)=20 
Check your answers on the other 
equation: 
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Circuit 
Ccus 

HEXFET APPLICATIONS 

his month we're placing a power 
hexFET at center stage, perform- 

ing in a number of interesting and 
useful tasks. The IRF511 N -channel 
power MOSFET is one of the least ex- 
pensive of the hexFET devices that In- 

ternational Rectifier (IR) produces, 
and is available from at least two Pop- 
ular Electronics advertisers: Digi-Key 
Electronics and Radio Shack. 

The IRF511 has a maximum on -state 
resistance of 0.6 ohm, input/output ca- 
pacitance of less than 150 picofarads 
(pF), a gate threshold voltage (volt- 
age level needed to turn on the de- 
vice) of between 2 and 4 volts, a 
maximum drain -to -source voltage of 
60 volts, and a maximum drain current 
of 3 amperes. In addition, its maximum 
power dissipation is 20 watts, and it 

comes in the handy TO -220 plastic 
package. 

Inverters, choppers, switching 
power -supplies, motor controls, audio 
amplifiers, and nigh -energy pulse cir- 
cuits are but a few of the applications 
where that semiconductor device can 
be pressed into service. But enough 
about the unit's characteristics. Let's 
get to the point of this column-to 
teach as well as entertain. 

Class A Amplifier. Our first act places 
the IRF511 (Q1) in a simple class -A au- 
dio -amplifier ciircuit. See Fig. 1. With 
zero gate bias applied, Q1 is like a 

R3 

100K 

131 

1MEG 

AUDIO rC)1 INZ 

+ 9-12v 

R2 

22-100f 2 

(SEE TEXT) 

C2 

100 p 

Q1 I, AUDIO 

IRF511 J OUT 

Fig. 1. In this circuit the IRF511 is 
configured as a class A amplifier. 
Ideally, for class -A operation, the 
voltage across QI and the load resistor 
should be equal. 

By Charles D. Rakes 

PARTS LIST FOR THE 
CLASS A AMPLIFIER 

Ql-IRF511 hexFET 
RI-I-megohm, 1/4 -watt, 5% resistor 
R2 -22 -100 -ohm,' -watt, 5% resistor 

(see text) 
R3--100,000-ohm potentiometer 
C1 -0.l -µF ceramic -disc capacitor 
C2 -100-µF, 25-WVDC, electrolytic 

capacitor 
Printed -circuit or pertboard materials, 9-12 

volt power source, wire, solder, etc. 

switch in the off state, so no current 
flows through the load resistor, R2. 

Ideally speaking, the voltage across 
Q1 and the load resistor should be 
equal for class -A operation. A 100K po- 
tentiometer (R3) and a 1-megohm 
fixed resistor (R1) make up a simple 
adjustable gate -bias circuit. Place a 
voltmeter between the drain of Q1 and 
the circuit ground, and adjust R3 for a 
meter reading of half the power -sup- 
ply voltage. 

Almost any resistor value can be 
used for R2 as long as the maximum 
current and power ratings of the FET 

are not exceeded. A resistor value of 
between 22 and 100 ohms is a good 
choice for experimenting. At high cur- 
rents, a suitable heat sink should be 
used. 

Relay Controller. The second circuit, 
shown in Fig. 2, has the power FET (Q1) 

controlling a relay. With zero gate -bias 
applied, Q1 acts like an open switch, 
but when a DC voltage greater than 5 
volts is applied to the input of the cir- 
cuit, Q1 turns on, completing the relay 
circuit and thereby activating the re- 
lay coil. 

PARTS LIST FOR THE 
RELAY CONTROLLER 

QI-IRF511 hexfET 
DI -1N4001 silicon rectifier diode 
R1 -130,000 -ohm, 1/4 -watt; 5% resistor 
R2-t-megohm1/4-watt, 5% resistor 
K1 -12 -volt DC relay 
Printed -circuit or periboard materials, 12 - 

volt power source, wire, solder, etc. 

The input bias current required to 
turn on Q1 and operate the relay is less 

than 10 microamperes (µA), which is 

about 1/1,000,000 of the current re- 
quired to bias the popular 2N3055 
power transistor to operate the same 
relay. 

DI 

1N4001 

R1 

100K 

6 TO 

12V 

+ 12V 

Kl 
12V 

D RELAY 

Q1 

IRF511 

Fig. 2. With zero gate -bias applied, QI 
acts like an open switch, but when a DC 
voltage greater than 5 volts is applied 
to the input of the circuit, QI turns 
on, completing the relay circuit, and 
thereby activating the relay. 

Proximity Switch. The next circuit 
(see Fig. 3) takes advantage of the 
ultra -high input impedance and 
power -handling capabilities of the FET 

to make a simple, but sensitive, prox- 
imity sensor and alarm -driver circuit. 

A 3 x 3 -inch piece of circuit board 
(or similar size metal object), which 
functions as the pick-up sensor, is con- 
nected to the gate of Q1. A 100- 
megohm resistor, R2, isolates Q1's gate 
from R1, allowing the input impedance. 
to remain very high. If o 100-megohm 

+ 9-12V 

R2 

100MEG 

(SEE TEXT) 

Fig. 3. The sensitivity of this Proximity 
Switch can be varied by adjusting RI. 
Note that R2 is specified as a 100-megohm 
unit, if that value cannot be located 
tie five 22-megohm resistors in series 
and use that combination for R2. 

3 

co 
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PARTS LIST FOR THE 
PROXIMITY SWITCH 

Ql-IRF511 hexFET 
R1 -10°,000 -ohm potentiometer 
R2-100-megohm, 1/4 -watt. 5% resistor 

(see text) 
C1-39-pF, ceramic -disc capacitor 
BZI-piezo electric buzzer 
Printed -circuit or pertboard materials. 

enclosure, 9 -12 -volt power source. 
wire, solder. etc. 

resistor cannot be located, just tie five 
22-megohm resistors in series and use 
that combination for R2. In fact, R2 can 
be made even higher in value for add- 
ed sensitivity. 

Potentiometer R1 is adjusted to a 
point where the piezo buzzer just be- 
gins to sound off and then carefully 
backed off to the point where the 
sound ceases. Experimenting with the 
setting of R1 will help in obtaining the 
best sensitivity adjustment for the cir- 
cuit. Resstor R1 may be set to a point 
where the pick-up must be contacted 
to set off the alarm sounder. A relay or 
other current -hungry component can 
take the place of the piezo sounder to 
control most any external circuit. 

Lamp Flasher. The circuit in Fig. 4 is 

built around two power FET's, which 
are configured as a simple astable 
multivibrator to alternately switch the 
two lamps on and off The R/C values 
given in the Parts List sets the flash rate 
to about Y3 Hz. By varying either the 
resistor or capacitor values almost any 

e 
R1 

> 22MEG 

Q 

11 

12V 

R2 

22MEG 4 

i( 
Cl 

1 

Q1 

IRF511 

S 

C2 

.1 

Fig. 4. In this circuit, two hexFETs are 
configured as a simple astable multivi- 
brator to alternately switch the two 
lamps, 11 and 12, on and off 

flash rate can be obtained. Increase 
either Cl and C2, or Rl and R2, and the 
flash rate slows. Decrease them and 
the rate increases. 

Unlike most semiconductor devices, 

' +12V 

12 

12V 

IRF511 

the power MOSFET can be paralleled, 
without special current -sharing com- 
ponents, to control larger load cur- 
rents. That can be an important feature 
when the device is used to turn on in- 
candescent lamps, because the 
lamp's cold resistance is much lower 
than the normal operating resistance. 

A typical #1815 12- to 14 -volt lamp 
measures 6 ohms cold. When 12 volts is 

applied, the initial current drawn is 2 
amps. The same lamp, when operat- 
ing at 12 volts, requires only 200 mA. 
The hot resistance figures out to be ten 
times its cold resistance, or 60 ohms. 
That tidbit should be considered when 
picking any semiconductor device to 
control an incandescent lamp. 

PARTS LIST FOR THE 
LAMP FLASHER 

QI, Q2-IRF511 hexFET 
RI, R2-22-megohm, 1/4 -watt, 5e/e 

resistor 
Cl, C2-t).1-µF, mylar capacitor 
I1, 12 -12 -volt incandescent lamp 
Printed -circuit or pertbbard materials, 

12 -volt power source, wire, etc. 

Audio Oscillator. The next circuit 
places the power FET in the output 
stage of an audio variable frequency 
oscillator (VFO) circuit (see Fig. 5). That 
simple VFO circuit can be used for au- 
dible -tone testing, driving someone 
nuts, or transformed into a simple elec- 
tronic musical instrument. For instance, 
several might be wired parallel to 
each other with each tuned for dif- 
ferent frequencies, with pushbutton 
switches added to control the power 
circuit, thereby producing a simple 
electronic organ. 

Two gates, UI -a and UI -b (1/3 of a 
4049 hex inverter), are connected in a 
VFO circuit. Components R1, R3, and 
Cl set the frequency range of the VFO. 

3 

PARTS LIST FOR THE 
AUDIO OSCILLATOR 

UI -4049 hex inverter. integrated circuit 
Ql-IRF511 hexFET 
RI -47,000 -ohm, 1/4 -watt, 5% resistor 
R2-1-megohm, 1/4 -watt. 5% resistor 
R3-1-megohm potentiometer 
CI-.0036-µF, mylar capacitor 
C2-.056 -µF, mylar capacitor 
SPKRI-45-ohm speaker (2 or 3 inch 

diameter) 
Printed -circuit or perfboard materials, 

enclosure, wire, solder. etc. 

With the values given, the circuit's out- 
put can range from a few hundred 
hertz to over several thousand hertz by 
adjusting R3. 

The simplest way to change the fre- 
quency range of the oscillator is to use 
different capacitance values for Cl. A 
rotary switch, teamed up with a 
number of capacitors, can be used to 
select the desired frequency range. 

Cassette Interface. In our next circuit 
(Fig. 6) two power FET's (671 and Q2) are 
used to form the basis of an interface 
circuit for attaching a cassette record- 
er to the phone line. If you're fed up 
with your answering machine, be- 
cause the incoming tape always fills 
up with sales pitches so that when a 
really important message comes 
through, there's no more room, then this 
circuit could be for you. Of course your 
machine must be able to continue to 
operate when the incoming tape is full. 

With the Interface circuit installed, 
place a long -play tape in your cas- 
sette recorder, press the record switch, 
and get all of the incoming messages. 
Or the circuit can become a 24 -hour 
automatic secretary to record all in- 
coming phone calls. 

The circuit does not require a power 
supply because operating power is 

drawn from the telephone line itself. 

2 _ 5 

R1 

47K } 
R3 

1MEG 

Y6 4049 
4 

R2 

1MEG 

1M 

C2 

056 

Q1 

IRF511 

. + 9V 

SPKR1 
4552 

Fig. 5. This simple VFO circuit can be used for audible -tone testing, driving someone nuts 
or it can be transformed into a simple electronic musical instrument-an electronic 
organ, for example. 
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Fig. 6. The Cassette Interface does not require its own power supply, but instead rectifies 
a portion of the incoming audio signal to provide power for the circuit. 

The incoming signal is fed across a 
bridge -rectifier circuit, consisting of di- 
odes D1 through D4. If your are familiar 
with the operation of bridge rectifiers, 
you'll realize that the bridge ensures 
that no matter how the circuit is con- 
nected to the phone lines, the voltage 
at the junction of R1 and R3 will always 
be positive. 

When the phone is on hook the volt- 
age at the output of the bridge (at R1/ 

R3 junction) is near 48 volts. That volt- 
age is fed across a voltage divider 
consisting of. R1 and R2. The voltage at 
the junction formed by R1 and R2 is fed 
to the gate of Q1, turning it on. That pulls 
the drain of Q1 low. Since the gate of 
Q2 is connected 7o the drain of Q1, the 

PARTS LIST FOR THE 
CASSETTE INTERFACE 

SEMICONDUCTORS 
Q1, Q2-IRF5II hexFET 
DI-D4-1N4(X)3 silicon diode 

RESISTORS 
(All resistors are 1,4 -watt. 5% units.) 
RI-22-megohm 
R2-10-megohm 
R3-1.5-meeohm 
R4-1-megchm 

CAPACITORS 
Cl, C2 -0.i -µF mylar 
C3-680-pF, ceramic disc 

mylar 

ADDITIONAL PARTS AND MATERIALS 
Tl-miniature audio transformer (10K to 

2K) 
Sl-DPDT toggle switch 
PLI, PL2 See text 
Printed -circuit or -Jerfboard materials, 

modular telephone plug, enclosure, IC 
sockets, battery and battery holder, 
wire, solver, hardware, etc. 

bias applied to the gate of Q2 is low, 

holding it in the off state. 
When the answering machine re- 

spondes to a call or a phone is taken 
off hook, the voltage across the phone 
lines drops below 10 volts, causing Q1 

to turn off. At that point, the voltage at 
Q1's drain rises, turning Q2 on. The re- 
mote input of the cassette is con - 

PARTS LIST FOR THE 
SOUND4CTIVATED SWITCH 

SEMICONDUCTORS 
U I-LF3533 duail op -amp, integrated 

circuit 
QI-IRF51 hexFET 
DI, D2 -1N914 general-purpose silicon 

diode 

RESISTORS 
(All fixed resistors ax V4 -watt, 5% 

units.) 
R L R7 -2200 -ohm 
R2, R3 -10,000 -ohm 
R4, R9 -1000 -ohm 
R5-100,000-onm 
R6-I0.000-ohm potentiometer 
R8. Rl -220,®00 -chan 
R 1(x-130-ahm 
R 12-1-megohul 

CAPACITORS 
Cl, C3. Cf -0 47-1_F_, 16-WVDC, 

elect_olytic 
C2-47-u.F, I6-WVDC, electrolytic 
C4, C5 -01.1-µF. 100-WVDC, ceramic 

disc 

ADDITIONAL PARTS AND MATERIALS 
MICI-Electret condenser microphone 
Pertboard material. enclosure, IC 

sockets, 9 -volt battery and battery 
holder wire. solde-, hardware, etc. 

R2 

10K 

R3 

10K 

R4 

1K 

/z LF353 

C2 

47 2 

3 

R5 

100K 

R6 

10K 

P8 
220K 

R11 

22K 

R9 

R12 

1MEG 

C6 

47 

+ 9V 

TO 

MIKE 
INPUT 

TO REMOTE 
INPUT OF 

CASSETTE 

Fig. 7. The electret microphone MICI picks up the sound and feeds the signal to a two -stage 

amplifier circuit, consisting of UI -a and UI -b, the output of which is fed to a voltage - 

doubler circuit (made up of DI, D2, C4, and C5). 

nected to Q2's drain and source 
through S1 and a miniature plug se- 

lected to mate with the remote input 
jack. 

Switch S1 must be in a position so that 
the positive lead of the recorder's re- 
mote input connects (through switch 
position 1) to Q2's drain and the nega- 

tive input to Q2's source. Switch S1 pro- 
vides a convenient way to reverse the 
circuit's trigger output without having 
to unsolder and resolder leads. The 

phone's audio is coupled through C1, 

C2, and TI to the microphone input of 
the cassette recorder. 

(Continued on page 98) 
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Antique 
Radio 

CLEARING UP ANOTHER PHILCO "MYSTERY" 

Back on the November, 1988 col- 
umn, I asked for some help in 

identifying a mysterious -looking Philco 
device submitted by reader Larry 
Lovell. Housed in a scaled -down radio 
cabinet, bearing a gold Philco logo, 
its only operating control was a plastic 
telephone -style rotary dial. 

The following month, I challenged 
the readers with a Philco "mystery" unit 
of my own: a small (about 5 -inches 
tall), highly -chromed device that 
looked like a miniaturized version of a 
1920's radio speaker. I had been able 
to identify the unit by thumbing 
through Morgan McMahon's well- 
known book A Flick of the Switch, and 
suggested that any sharp-eyed read- 
er should be able to do the same. 

The Readers Write! Since then, your 
letters have been pouring in, and it's all 
been fascinating. Some readers have 
sent in educated guesses about what 
those units had to be; others remem- 
bered using-or servicing-them in 
days gone by. Many people have 
taken the trouble to Xerox and send 
along schematics, service notes, ad- 
vertisements, and other types of docu- 
mentation 

Last month, I devoted the entire col- 
umn to going over the information I 

received about the first item-a wire- 
less remote control for a Philco re- 
ceiver, which had been appropriately 
named by the manufacturer "The Phi- 
lco Mystery Control." This month, let's 
tackle the second item. 

First, credit for the guesses! The most 
creative ones came from two read- 
ers-both, as it happens, from New 
York State. Ron Laguardia thought the 
device might be a speaker for a po- 
lice car siren or PA system. But Bob 
Schaumleffel had a different slant; to 
him, it looked like a cigarette lighter. 

Less colorful, but correct, guesses 
were received from Andrew Moora- 
dian (Winchester, MA), George Rutkay 

By Marc Ellis 

No longer a mystery, this is the little 
speaker -mike that caused all the comment! 

(Brampton, Ontario, Canada), Clyde 
Clymer (Weiser, ID), Michael Johnson 
(St. Gabriel, LA) and Randy Rago 
(Brooklyn, NY)-all of whom felt that 
the unit had to be a microphone. 

The Living Room Wonder. Now it 
seems that that type of Philco micro- 
phone had at least two different ap- 
plications: the one I'd already identi- 
fied from Morgan McMahon's book- 
and another previously unknown to 
me. Reader Raymond Ives (Cameron 
Mills, NY) explains the first application 
in a letter containing some reminis- 
cences from his teenage years." 

Says Raymond, "The Philco Wotizzit 
pictured in your December column 
brought me back to about 1940. I was 
just then becoming a teenager. Two of 
the most memorable items in my par- 
ents' house were the upright piano and 
the Philco. 

"The piano, though memorable, 
was unremarkable. But the Philco, a 
stately console, was then a modern- 
day wonder! In addition to the usual 
multi -band reception, it also featured 
automatic record changing and light - 
beam sound transmission from record 
to amplifier. 

"A constant light source was di- 
rected towards a mirror that was 

mounted on the stylus assembly. The 
reflected light, modulated by the mo- 
tion of the stylus, was captured by a 
photo -sensitive device and the resul- 
tant signal amplified by the system. 

"That feature effectively reduced 
hiss and scratch. Unfortunately it also 
effectively reduced many highs and 
much brilliance. However, that fit in 
beautifully with the boomy sound, 
which was 'cool' during that era. 

"Mounted on the turntable was an- 
other tone -arm. This arm was mechan- 
ically guided and its stylus was a steel 
cutter designed to record an audio 
track on a lacquer coated aluminum 
disk. The home entertainment center 
was also a recorder! And that brings us 
back to the Philco wotizzit. Resting on 
top of the console was a brown enam- 
eled, round (about 4.5 inches in diam- 
eter) device with a flock -covered grill 
of metal window screening. The 
speaker inside was really the dynamic 
microphone for our home entertain- 
ment center with the built-in recorder. 
Thanks for jogging my memory!" 

A number of other people shared 
their personal memories of that Philco 
console, including Victor Manno (New 
York, NY), James B. Salinia (San An- 
tonio, TX), Gary Kendall (Grafton, WI) 
and Mark S. Cockrill (Seattle, WA). 
Others who were able to identify the 
Philco console were Milivoj Rudan 
(Stoney Creek, Ont., Canada), Jerry L. 

Johnson (of Radio Reproductions, Ft. 

Worth, TX)-who included a Xerox of 

, 'Yo:: 

Model 608P 
only 31 2.95 down 

See and ({eqr he Mòyi`;0i 
Your Neared¡tiko 

Reader Jerry L. Johnson, sent in this 
photocopy of an advertisement for the 
Zenith 41-608 console. The model 
illustrated here didn't include the 
recording option. 
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:an anyone figure out Dick Spratley's mystery project? Here's a hint: The device el the left 

s a crystal radio receiver. 

an original ad for the console-Larry 
Baker (San Angelo, TX), Reno Ruggere 
(Shillington, PA), and Bill Johnson (At- 
lanta, GA). 

Larry also correctly identified the 
"Philco Mystery Control" for us. 

Walter Eismann identified the micro- 
phone and sent along a shot of the 
one in his collection. He found his ex- 
ample in much the same way I found 
mine-by carefully scrutinizing the 
contents of boxes of obscure junk at a 
local flea market. Walt has an exten- 
sive collection of antique radio items, 
and offers to correspond with readers 
having questions about the hobby, 
provided that they include an S.A.S.E. 

Write him at 1659 W. 6th Ave., Eugene, 
OR 97402. 

Finally, let's have a round of ap- 
plause for the four intrepid sleuths who 
followed up my hint and located the 
Philco Model 41-608 Radio-Phono-Re- 
corderconsole (9 tubes, 1941) on page 
133 of A Flick Of The Switch. If you have 
that book, turn to page 133 now, and 
you'll see what Richard Spratley 
(Chesapeake, WA), Andy Czymbor 
(Burt, MI), Jack Beltz (Bartlett, IL) and 
James Salinia (see above) have al- 
ready discovered. The shadowy 
shape sitting on top of the console is 

obviously the silhouette of our Philco 
microphone, and is what first gave me 
the clue to its true function. 

The Philco Phone. Along with all of 
the letters telling me about the Philco 
home -recording console came a few 
that surprised me. They advised me of 
yet another product using that micro- 
phone-one I hadn't heard of. The first 

letter came from George A. Fathauer, 
the "son" half of the father -and -son 

This is Randy Eppmethe's Crosley Model 
148CP. Randy designed and crafted the 
cabinet himsellf 

team that operates Antique Radio 
Supply of Tempe, Arizona. 

George was kind enough to send 
along a good Xerox of an advertising 
brochure for the Philco Phone, a basic 
intercom system for the home or small 
office. The master station for that little 
system looked like a table model AC/ 
DC radio; the remote units looked 
like-you guessed it-our little micro- 
phone! 

Ben Tillson (Brewster, MA) also re- 
members those microphones (or 
speaker -mikes, as they must have 
been in this application) as remote 
units for the Philco intercom. And R.J. 

Wopshall (Toledo, OH) has a complete 
working system. R.J. says that his system 
has two styles of remote units: chrome - 
plated ones with locking, on/off slide - 
type, call switches; and brown - 
painted ones with non -locking, spring - 
loaded, call switches. 

He theorizes that the chrome -plated 

remotes were for use in the kitchen or 
bath. But I'm wondering if the units 

were made with different finishes so 

that a person could quickly identify 
which ones had the locking switches 
and which had the spring -loaded 
ones. And perhaps the remotes with 
locking switches could be left in per- 
manent "listen" mode for monitoring 
nurseries or sickrooms. 

Since my own unit is chrome -plated 
and has a locking slide switch, I'm be- 
ginning to wonder if it wasn't manufac- 
tured as an intercom remote rather 
than a recording microphone. You'll 
recall that Ray Ives, whose letter I 

quoted earlier, spoke of the micro- 
phone for his family's recording unit as 
being "brown painted." 

Maybe somebody will write in and 
shed more light on the subject. And 
speaking of light, are there any read- 
ers in the audience who can send 
more information about the "beam of 
light" playback system mentioned in 

Ray's letter? It would certainly be an 
interesting subject for a column. In 

fact, if anyone living in the metro- 
politan Chicago area has one of those 
sets and would be willing for me to 
come over and take some pictures of 
it, please drop me a line! 

Before leaving the subject of the little 
Philco microphone, I'd like to acknowl- 
edge a postcard from Hal Leary 
(Montrose, CO). Hal recalls that Philco 
sold the microphone as an accessory 
for attachment to any radio receiver so 

that you could use the set as a PA sys- 

tem and be the life of the party. So far, 

though, he's the only person who has 
reported on that particular use for the 
product. Does anyone know more 
about it? 

Mysteries Old and New. Two readers 
sent their comments about the "Philco 
Mystery Control" a little too late to be 
included in last month's column. Ray- 
mond Musick (Oklahoma City, OK) re- 
members seeing a Wichita, Kansas 
department -store salesman, stationed 
on the sidewalk and armed with a 
control unit, change stations on a ra- 
dio displayed in one of the store win- 
dows. Quite impressive to the passers- 
by! Eric Taylor (1365 10th Ave., #6, San 
Francisco, CA 94122) sent a copy of a 
very complete discussion of the Philco 
control as printed in Audel's New Elec- 

(Continued on page 100) 
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Computer 
Bits 

HARD -DISK DRIVES 

For the past couple of months, 
we've been discussing assem- 

bling your own PC from scratch; much 
of the discussion is also applicable to 
those upgrading their systems. So far 
we've covered the CPU, video system, 
and floppy -disk drives. Now let's talk 
about hard -disk drives. That's an im- 
portant topic, because other than the 
CPU, nothing affects overall system 
performance as much as the hard - 
disk drive. 

The Basics. There are four things to 
consider when buying a hard disk: ca- 
pacity, access time, type of drive, and 
interface. Drives commonly sold these 
days come with capacities starting at 
20 megabytes (MB) and ranging 
through 30, 40, 60, 80, 100, and more. 
A 20MB drive may satisfy you for 
awhile, but if you see yourself getting 
intimately involved with computers in 
the next few years, 40MB or 60MB 
should be your minimum. 

Access time provides one indication 
of how well a drive performs; the term 
refers to the average amount of time it 
takes the read/write head to move 
from any one track on the disk to any 
other. The lower the access time, the 
better the performance, and the high- 
er the price. Access time is indepen- 
dent of drive type (see below). 

Inexpensive drives (ST -225) have ac- 
cess times of about 65 ms; average 
drives (ST -251), about 40 ms; good driv- 
es (ST -251-1), about 30 ms. Below 30 ms, 
prices escalate rapidly. 

The type of drive also affects perfor- 
mance directly; it is determined by 
how information is stored on a disk. 
Information may be recorded on a 
disk drive in many ways, but two for- 
mats are popular for personal com- 
puters: MFM (Modified Frequency 
Modulation) and 2,7 RLL (Run -Length 
Limited). The technical differences are 
beyond the scope of this discussion, 
but practically speaking, an RLL drive 
holds 50% more information than an 

By Jeff Holtzman 

MFM drive, and that information can 
flow to and from the drive 50% faster. 

Some people buy MFM drives 
(which are somewhat cheaper) and 
use them in the high -density RLL mode, 
but doing so is risky, because the mag- 
netic media on which information is 

stored may not be able to retain that 
information over a long period of time. 
In addition, running an MFM drive in 
RLL mode usually invalidates the man- 
ufacturer's warranty. 

Different types of controllers are re- 
quired for MFM and RLL operation; an 
RLL controller generally costs 
33%-50% more than a standard MFM 
controller. Early RLL technology for PC's 
was unreliable, but manufacturers ap- 
pear to have solved the problems. 

In addition, two new types of drive/ 
interface combinations are becoming 
increasingly popular, especially for 
high -end systems (network file servers, 
for example): SCSI (Small Computer 
System Interface) and ESDI (Enhanced 
Small Device Interface). ESDI drives 
cost too much for personal use, but 
SCSI prices have recently dropped to 
an affordable level. JDR is one of the 

few mail-order vendors selling SCSI 
drives and adpaters to end users. 
(Thanks to JDR for the loan of one for 
testing.) 

An SCSI drive has the controller built - 
into the drive itself; a small and inex- 
pensive ($50) host adapter is all that is 

required to attach an SCSI drive to a 
PC. SCSI offers some interesting pos- 
sibilities for growth. For example, the 
SCSI specification allows you to 
"daisy -chain" as many as eight de- 
vices along the same cable. 

In addition, because the SCSI inter- 
face is not tied to a particular bus 
structure, you should be able to un- 
plug an SCSI device from one com- 
puter (a PC) and plug it into another (a 
Macintosh). Of course, you'd need ap- 
propriate software for translating be- 
tween different file formats. That's not 
as far-fetched as it sounds; Irwin Mag- 
netics has designed an SCSI -interface 
tape -backup system that allows IBM 
and Macintosh users to exchange 
tapes. 

Hardware. Now let's look at some real 
hardware. In what follows, I'll discuss 
Seagate's line of drives and control- 
lers; comparable devices are also 
available from Miniscribe, Adaptec, 
and others. 

The most popular drive for 8088 - 
based machines is the ST -225. It is an 
MFM drive with a capacity of 20MB 
and a measurable access time of 65 
ms. Closely related is the ST -238, which 
is basically the same drive certified for 
RLL operation. That means it still has a 
65 ms access time, but it can hold 
30MB of information, and its data 

ST -138N (AT) -1 

ST -238 (AT) -2 

ST -138N (AT) -2 

Data Transfer Rate (KB/sec) for Several Popular Disk Drives at Various Interleave 
Factors 

641.8 
359.4 

348.5 
ST -238 (AT) -3 246.1 
ST -251 (AT) -2 241.5 
ST -225 (AT) -2 232.1 
ST -238 (AT) -4 187.5 

ST -138N (AT) -4 182.8 

ST -251 (AT) -3 164.1 

ST -225 (AT) -3 159.1 

ST -225 (XT) -4 125.5 

ST -251 (AT) -4 124.2 

ST -225 (AT) -4 121.5 

ST -225 (XT) -3 .1 28.4 

ST -225 (XT) -2 1111 26.8 

0 100 200 300 400 500 600 700 

Fig. I. Shown here is a performance comparison of several popular drives. What's being 
measured is the raw -data transfer rate-the fastest rate at which a particular 
combination of drive, controller, and system bus can operate. 
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transfer rate (DTR) is 50% faster than 
the ST -225. 

Next up is the ST -251, a popular MFM 

drive for AT compatibles. The ST -251 

has a 40 ms access time and a 40MB 

capacity. The ST -251-1 also holds 40MB, 
but has a 28 ms access time. The 

ST -277 is the RLL version of the ST -251; it 

holds 60MB with an access time of 40 
ms. 

SCSI versions of most of those drives 
are also available. They generally of- 
fer the same capacities and the same 
access times; depending on how 
they're formatted, however, they can 
offer vastly improved data transfer 
rates, as we'll see shortly. 

Table 1 summarizes the major 
characteristics of the drives we've 
been discussing, and includes ap- 
proximate prices that were current 
around the first of the year. 

With regard to cost: There's a huge 
glut of drives on the market, so there's 
never been a better time to buy. The 

reason is simply that Seagate (which 
recently laid off 25% of its work force) 
and other companies over -produced 
during 1988, so prices have been 
dropping on a monthly basis. 

For example, I bought an ST -251 and 
controller about a year ago for $100 

more than what it costs now. If I were 
buying now, I'd probably go for the 
ST -277N. Whatever you decide on, be 
sure to shop around; some vendors re- 

spond quicker than others to changing 
supply/demand situations. 

How They Rate. Figure 1 shows per- 
formance comparisons of several 
popular drives. What's being mea- 
sured is the raw -data transfer rate-the 
fastest rate at which a particular com- 
bination of drive, controller, and sys- 

tem bus can operate. In actual use 

under DOS, the differences may not be 
quite so pronounced, depending on 
the type of operation. 

Generally speaking, sequential op- 
erations (program loading and file 
copying) will benefit more from high 
data -transfer rates than random oper- 
ations (updating a database), assum- 
ing you keep your disk unfragmented 
(all sectors of a file located con- 
tiguously). I use a $60 program called 
Vopt, made by Golden Bow Systems 
for that purpose. (Tell 'em I sent you.) 

For purposes of comparison, I tested 
an ST -225 in both an XT and an AT 

compatible; the other drives were all 
tested in the AT (an AST Premium/286 
running at 10 MHz). Each drive was test - 

TABLE 1-DISK DRIVE CHARACTERISTICS AND PRICES 

Drive Type Capacity 
Access 
Time 

Drive 
Price 

Package 
Price 

ST -225 MFM 20 MB 65 ms $225 $270 

ST -238 RLL 30 MB 65 ms $250 $300 

ST -251 MFM 40 MB 40 ms $430 $470 

ST -251-1 MFM 40 MB 30 ms $530 $610 

ST -277 RLL 60 MB 40 ms $500 $550 
ST -138N 'RLL 30 MB 40 ms $400 $450 

ST -277N 'ALL 60 MB 40 ms $550 $600 

'RLL drille with SCSI interface 

ed with several different interleave 
factors (IF). The IF states how far apart 
logically adjacent sectors are located 
on the disk physically. 

For example, with an IF of 1, sector 
one is physically located next to sector 
two, etc. With an IF of two, one sector 
appears between sectors one and 
two; with an IF of three, two sectors, 
etc. Sectors are skipped in that fashion 
to allow the CPU time to digest infor- 

mation from the disk controller. 
In general, the lower the IF, the better 

the performance. With an IF that is too 
low, however, performance can suffer 

tremendously, because instead of lap- 
ping up each sector as it passes be- 
neath the read/write head, the disk 
controller must wait an entire revolu- 
tion. On the other hand, with an IF that 
is too high, the CPU dawdles while 
waiting for the interleaved sectors to 
go by. In general, faster machines can 
run with lower IF's, another reason to 
avoid an 8088 -based machine. It 

takes some experimentation to deter- 
mine the optimal interleave. 

In Fig. 1, each entry shows the drive 
type (ST -138N), machine in which it 

MANUFACTURERS AND DISTRIBUTORS 

Golden Bow Systems 
2870 5th Avenue 
San Diego . CA 92103 
Tel. 800/284-3269; 619/298-9950 

Ontrack Computer Systems, Inc. 
6222 Bury Drive 
Eden Prarie, MN 55344-9957 
Tel. 800/752-1333; 612/937-1107. 

Storage D_:mensions 
981 University Avenue 
Los Gatos, CA 95030 
Tel. 408/879-0300. 

Seagate Technology, Inc. 
920 Disc Drive 
Scotts Valley, CA 95066-4544 
Tel. 408/438-6550. 

JDR Microdevices 
110 Knowles Drive 
Los Gatos, CA 95030 
Tel. 800/538-5000; 408/866-6200. 

was tested (AT), and the IF (-1). First ex- 

amine the numbers for the ST -225 in the 
XT. At interleaves of 2 and 3, the CPU 

simply can't keep up: the DTR is under 
30 KB/sec. At the optimal IF for that 
machine (4), DTR is about four times as 

great-about 125. 

Then look what happened when 
that same drive was formatted on the 
AST. At the same IF (4), its performance 
was nearly identical. Decreasing the IF 

to 3 increased the DTR by about 25%. 

At the optimal IF (2), performance 
nearly doubled (232) compared with 
the XT's optimal rate. 

Now look at the results for the ST -238 
(RLL). As expected, at the correct inter- 
leave (2), its DTR (360) is about 50% 
greater than the ST -225's (232). It's also 
about 50% faster than the ST -251's 

(240), and that's an interesting point. 
The ST -251 costs about 70% more 

than the ST -238; for the extra $180 you 
get only another 10MB of storage and 
60% faster average access time. How- 
ever, even though the read/write head 
can get to the information on the disk 
faster, that information is actually trans- 
ferred to memory faster by the ST -238, 
assuming a well -packed disk. So, a 
pair of ST -238's (which will run off a 
single controller) costs little more than 
a single ST -251, provides more storage, 
and better overall performance (on 
an unfragmented disk). 

Last, look at the figures for the 
ST -138N, an RLL drive with an SCSI inter- 
face. At sub -optimal interleaves, per- 
formance is at best comparable to the 
ST -238. But at an IF of 1, performance 
soars to 640 KB/sec.-that's flying! 

Buying and Setting Up. To determine 
the optimal interleave for your system, 
you'll have to perform a low-level for- 
mat at each possible IF and then mea- 
sure the DTR. You can measure the DTR 

with CORETEST.EXE, a program de- 
veloped by disk manufacturer Core In- 

ternational. It's available on many 
(Continued on page 106) w 
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A ROCKY START 

The 
proposed $5.7 -million police/ 

fire -radio system planned for Den- 
ver, Colorado, has been replaced by 
a $3.4 -million computerized system. 
That was a temporary step so that 
other city agencies might draw up 
plans to hook into the larger system 
when it is built. The new 800 -MHz sys- 
tem, which is part of the computerized 
system, recently went into operation 
and is a vast improvement over the old 
system-which long ago became 
overloaded and outdated. 

Meanwhile, the handheld trans- 
ceivers (put into use by the Los Angeles 
Fire Department (at a cost of about 
$2500 each) have been hailed as a 
huge success. Those 800 -MHz units are 
now in general use throughout the en- 
tire agency. 

One of the biggest advantages of 
those expensive little sets is that the 
800 -MHz frequencies are better for 
fighting blazes in high-rise buildings 
than the older, low -band radios that 
the agency had been using. Although 
the 30 -MHz units may have a better 
range than those operating at 800 
MHz, their signals have a difficult time 
getting out of confined areas, such as 
tall buildings. Whereas, the 800 -MHz 
signals penetrate walls, concrete, 
steel mesh, and all of the other mate- 
rials used for high-rise building con- 
struction. 

Incidentally, that's one reason why 
cellular phones, which also utilize 800 - 
MHz frequencies, work well inside of- 
fice buildings and vehicles. 

On the Market. You can swing into 
spring with Radio Shack's deluxe 
handheld scanner, which goes under 
the name Realistic PRO -34. With the 
exception of a few gaps, it covers from 
30 to 960 MHz, and it's keyboard pro- 
grammable for those 32,000+ dif- 
ferent frequencies. 

Its complete frequency coverage is 

from 30 to 54 MHz, 108 to 174 MHz, 380 
to 512 MHz, 806 to 824 MHz, 851 to 869 

Scanner 
Scene 

By Marc Saxon 

Realistic's PRO -34 deluxe handheld scanner 
covers from 30 to 960 MHz, is keyboard 
programmable, and features a 200 -channel 
scanning memory, and more. 

MHz, and 896 to 960 MHz. Combine 
that coverage with a 200 -channel 
scanning memory and that spells: 
Wow, with a capital W! The 200 chan- 
nels are broken up into 10 groups of 20 
frequencies. That gives you the option 
of puffing police frequencies (for in- 
stance) in frequency -group 1, federal 
frequencies in group 2, aeronautic fre- 
quencies in group 3, etc., to be able to 
quickly select only those categories of 
stations that you wish to hear at any 
given time. 

Other features of the PRO -34 include 
search/scan with easy transfer of any 
amazing frequency discoveries into 
the unit's memory, 8 or 4 channels -per - 
second scanning or searching, switch - 
able 2 -second delay, individual lock- 
outs, keyboard lock, LCD display, belt 
clip, rubberized antenna, and selec- 
table priority channel. 

The Realistic PRO -34 measures 
about 7 x 3 x 2 inches, and runs on six 

"AA" batteries. You can use re- 
chargeable batteries (although you'll 
have to supply your own charging unit 
since one isn't supplied with the 
PRO -34). 

We found the Realistic PRO -34 
proved to be easy to use, well de- 
signed, and an excellent performer. 
The scanner sells for $329.95 at all Ra- 
dio Shack stores. You may have 
noticed that cellular coverage was 
omitted from the scanner. It can be 
restored with some minor effort. If you 
want that information, please send me 
a self-addressed, stamped, envelope 
and request the PRO -34 cellular modi- 
fication. 

Speaking of modifications to Real- 
istic scanners, I can (upon request ac- 
companied by a self-addressed, 
stamped, envelope) also provide in- 
formation on increasing the number of 
channels in the PRO -2004 from 300 
channels to 400 channels. 

Readers Write. Willie Randall drives 
an 18 -wheeler out of Kansas City and 
says that he has always wondered if 
those ICC (Interstate Commerce Com- 
mission) units he comes across on the 
highways have two-way communica- 
tions. If so, he wonders what frequency 
they use because he'd like to hear 
what they're saying about the truckers. 
Willie thinks they have CB radios to lis- 
ten to the truckers, but he suspects that 
they have their own VHF or UHF radios, 
too. 

You've got the right idea, Willie! If 

they're listening to you, listen back at 
them! We have heard some ICC com- 
munications on 409.20 MHz. If any of 
you out there in reader land knows of 
any additional channels, pass 'em 
along to us and we'll run them in this 
column. 

A constant stream of letters and 
cards from many readers always asks 
where to get scanner books and fre- 
quency guides. We'd definitely sug- 
gest asking for a free catalog from 
CRB Research Books, Inc., PO Box 56 - 
GP, Commack, NY 11725. They have a 
large selection of popular and hard - 
to -find shortwave books and directo- 
ries. That includes many specialty di- 
rectories for monitoring federal, car 
phone, aeronautic, railroad, and 
other especially interesting stations. 

P.M.L., of Natchez, MS, says that he 
knows that it is recommended that 
lightning protection be added to high 
frequency (shortwave) antennas, but 
he wonders if that also means VHF 
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scanner antennas. We'd say a most 
emphatic yes. Thor (the God of 
Thunder) either doesn't know or care 
about the frequency coverage of the 
antenna he selects for a jolt. Lightning 
protection is so important that no out- 
door antenna should be left without it. 

S. DeSimone, of Los Angeles, won- 
ders what it means when he hears sta- 
tions on his scanner sending Morse 
code. He says that about every half 
hour or so, some stations that mostly 
transmit two-way voice communica- 
tions, send out about 5 seconds of CW. 
We have also heard those transmis- 
sions, which are nothing more myste- 
rious than an automatic station - 
identification transmission capability 
that some stations have installed at 
their bases. The CW consists of the sta- 
tion's FCC call sign sent once or twice. 

Boris V, of Brooklyn, NY, says that he 
copies many taxi dispatchers in the 
band between 152.27 MHz and 152.45 
MHz, but he can't seem to hear the 
taxi's replying to the dispatchers. That's 
because taxis operate between 
157.53 MHz and 157.71 MHz, and are 
seldom repeated by the base stations 
operating on 152 MHz. 

Whether the mobile units aren't re- 
peated through the base so as to keep 
the fourteen 152 -MHz taxi -dispatching 
channels as quiet as possible, or to 
prevent the drivers from kidding 
around with one another over the air, 
isn't known. The result is that if you want 
to copy both sides of the contact, 
you're going to have to monitor the 152 
and 157 MHz channels. 

Alas, we've once again run out of 
space, but be sure to catch us again 
next month, when we'll cover some 
more scanner -related topics. But in the 
meantime, if you have any tips, sug- 
gestions, comments, or questions, 
write to Scanner Scene, Popular 
Electronics, 500-B Bi -County Blvd., 
Farmingdale, NY 11735. Hope to hear 
from you soon! 

Copies 
of articles 
from this 
publication 
are now 
available 
from the 
UMI Article 
Clearinghouse. 

For more information 
about the Clearinghouse, 
please fill out and mail back 
the coupon below. 
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DX 
Listening 

A NEW FACE FOR THE BBC 

The 
British Broadcasting Corpora- 

tion finally got wise to what 
shortwave listeners have been whis- 
pering quietly for quite some time: 
"Auntie Beeb" (as the BBC is quaintly 
referred to) was showing her age. 

The venerable English -language 
broadcasts of the BBC, currently 
known as the World Service, have long 
been recognized as a class act in in- 
ternational broadcasting. What Lon- 
don did on shortwave, it did-and 
continues to do-very well, indeed. But 
it was sounding stodgy and old fash- 
ioned. So the shortwave service has 
overhauled its programming, par- 
ticularly the news and public -affairs 
broadcasts, which for 58 years have 
been the most prestigious in the world. 

There has been, for all those years, 
good reason for the BBC's reputation 
as the premier news broadcaster. The 
news from London was thorough and 
accurate. The BBC jealously guarded 
its image as an unbiased reporter. In 

recent years, it wasn't so much the 
content that was beginning to turn off 
listeners, but the style. 

Last year, the annual shortwave -lis- 
tener's guide, Passport To World Band 
Radio, in its pick of the 10 best interna- 
tional programs, said it publicly: "The 
BBC World Service does not have the 
best international -news broadcast on 
world -band radio!" Passport awarded 
that honor to Radio Canada Interna- 
tional's (RCI) 90 -minute daily duo, the 
"World at Six" and "As It Happens." 

In London, officials also recognized, 
says John Tusa-managing director of 
the World Service-that aspects of the 
programming had been "verging on 
the pompous." 

Traditionalists, though, need not 
worry that suddenly the BBC will sound 
like an AM "rocker." The Big Ben 
chimes will remain, the cricket scores, 

*Credits: Rufus Jordan, PA; Edward Kusalik, 
Alberta, Canada; Rich D'Angelo, PA; Kirk Al- 
len, OK; North American SW Association, 45 
Wildflower Rd., Levittown, PA 19057). 

By Don Jensen 

and the BBC's mellow -sounding an- 
nouncers, reassuring listeners on the 
hour that indeed "This is London..." 

But there are changes, many of 
them in place since late last fall. The 
most apparent to longtime SWL's was 
the opening of the nearly 50 -year -old 
"Radio Newsreel," a 15 -minute in- 
depth newscast that has been must 
listening for news "junkies" since the 
WWII days. 

Now it's called, simply "Newsreel." 
And gone is the longtime introduction, 
a rousing brass -band march (Imperial 
Echoes) that prompted images of an 
empire upon which the sun, sup- 
posedly, never set. Today's version of 
the theme is played on a synthesizer. 

Announcers? Well, it's something of 
a touchy subject, since-as says 
Jocelyn Hay, chairman of a pressure 
group called Voice of the Listener- 
"correct pronunciation is one of the 
things that have made British broad- 
casting the best in the world." 

Hay's group, and others, insist that 
the BBC sound must never degenerate 

into the more casual speech of the 
BBC's home networks. And it won't, 
Tusa vows. But gradually SWL's may ex- 
pect to hear more of the voice inflec- 
tions of the middle-of-the-road edu- 
cated England than the traditional 
upper-class, clipped, slightly nasal 
tones. 

The clearest indication that perhaps 
Radio Canada International's "News 
at Six" and "As It Happens" have found 
a very listenable and informative ap- 
proach, is the BBC World Service's 
competitive new "Newshour," airing at 
2200 UTC. 

The 60 -minute news show begins 
with the World News and reports from 
BBC correspondents worldwide. That's 
followed by a detailed background to 
the major stories. For listeners who can't 
stay tuned for the entire hour, there is a 
brief summary on the half hour, plus 
highlighted main points elsewhere in 
the program. 

Being aired live during the late eve- 
ning in Britain, there is coverage of just - 
ended European sports events. Also in- 
cluded are closing results from the 
London and New York financial mar- 
kets. 

Another new program is Medi- 
awatch, which the BBC says reports 
"the worldwide developments in this 
buoyant, boisterous, brash industry." 
What does that mean? For one thing, it 
offers a picture of what's new in com- 
munications technology. For another, it 
highlights what editors-the "gate- 
keepers" who decide what will be 

Florida DX'er Russell Scotka fine-tunes automobile engines during his daytime job. In his 
off hours, Russ tunes one or more of his receivers to Latin American signals, both on 
shortwave and AM medium wave. 
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communicated to the public-are 
thinking and saying. 

"With Good Reason" is a new discus- 
sion program, featuring three in- 
formed speakers; a host; and some 
topical questions on the arts, politics, 
education, world events, or just life in 

general. It airs Sunday and Monday. 
Another Sunday news program is 

"Worldbrief", which is a summary of 
the most important stories of the pre- 
ceding seven days. In addition to polit- 
ical events, it surveys sports and 
financial news of the past week, plus 
weather trends, pop music, and 
books. 

And the BBC has high hopes for its 

new "Megamix" show, broadcast 
Tuesdays at 0030, 0830 and 2130 UTC, 

and aimed specifically at a younger 
audience. It will include music, of 
course, including-surprise-heavy- 
metal rock music. But "Megamix" is 

more, says the BBC, than just pops. It 

reflects the concerns of young people 
today, their fashions, crazes, health, 
hobbies, and their future. 

Says Tusa, "It's really communicating 
with young people. They are setting 
the tone." 

Together, those programs, and the 
rest of the changes in the planning 
stages, will make 01' Auntie Beeb more 
like "today's Britan," Tusa notes. 

The question that remains to be an- 
swered is, how will those changes in 

BBC broadcasting go over with the 
World Service's 25 -million English- 
speaking listeners? 

Where and When. The BBC's World 
Service operates on numerous short- 
wave frequencies around the clock, 
using transmitters in the United King- 
dom and relay stations in a number of 
overseas spots, including Ascension Is- 

land in the South Atlantic; on the island 
of Antigua in the West Indies; Sackville, 
New Brunswick, and Canada, which 
are most commonly heard in North 
America. 

Here is a partial listing of the BBC's 

English schedule, which may be the 
best bets for tuning in those programs: 
5,975 kHz, 2100 to 0600; 6,175 kHz, 

2300 to 0400; 9,915 kHz, 2200 to 0400; 
12,095 kHz, 1200 to 2400; 15,260 kHz, 

2000 to 0200;17,760 kHz, 2000 to 2100; 
21,710 kHz, 1200 to 1600; 25,750 kHz, 

1100 to 1400 UTC. 

Feedback. As always, your letters, qu- 
enes and information about your short- 
wave loggings are sought for this 

column. Write to DX Listening, Popular 
Electronics, 500-B Bi -County Blvd., 
Farmingdale, NY 11735. 

And remember too, that Confucius 
say: "Picture is worth thousand words!" 
So send along your photos. 

From the mailbag this month I have 
a note from a new reader, Albert Poul- 
os, Los Angeles, CA, who says: 

"I emigrated from Greece 25 -years 
ago. I've always thought that I would 
again like to hear the broadcasts from 
my homeland, but I know nothing 
about radio. I saw your articles in this 

magazine and hope you can help." 
Glad you wrote, Albert! For you, and 

others who may be just becoming 
aware of shortwave radio and are in- 

terested in hearing broadcasts in the 
languages of your homelands, there's 
a new book that should prove useful. 

Voices From Home, subtitled, How to 
Tune in Radio Programs from the Land 
you Left Behind, by Gerry Dexter, is 

published by Tiare Publications. It be- 
gins with an introduction for those who, 
as yet, have little information about 
shortwave, and leads the reader 
through choosing a radio receiver, to 
actually tuning in those voices from 
home. It is available for $11 postpaid, 
in the U.S., From Tiare Publications, PO 

Box 4993, Lake Geneva, WI 53147. 

Down the Dial. Each month we take a 
look at what SWL's are hearing on the 
shortwave bands. Here, with times 
listed in UTC (Universal Coordinated 
Time, equivalent to EST+5, CST+6, 
MST+ 7, and PST+ 8), and frequencies 
in kilohertz, are loggings you can look 
for too: 

Belglum--6,215 kHz. World Mission 
Radio (WRM) is a religious organiza- 
tion based in Belgium that leases air 
time from the unlicensed shipboard 
station, Radio Caroline International. 
That seagoing shortwave operation is 

located in international waters off the 
coast of England. Try for it at about 
0730 UTC. 

Bulgarlla-7,670 kHz. Radio Sofia is 

a fairly common shortwave catch. 
More difficult to log is the Bulgarian 
shortwave home service from Stolnik, 
which sometimes can be heard on this 
frequency at around 0330 UTC, with 
popular Bulgarian melodies. 

Mongolia -9,615 kHz. Radio Ulan 
Bator (RUB) from Mongolia is a very 
nice bit of DX to log on this frequency 
at, say, around 1 130 to 1200 UTC. You 
might also look for their parallel fre- 
quency of 12,015 kHz. 
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Ham 
Radio 

RESURRECTING AN OLD TRANSMITTER 

I n the December 1988 issue of Popu- 
lar Electronics, Larry Lisle (K9KZT) 

took us down nostalgia lane with his 

article "Those Indestructible Novice 
Transmitters." Having been first li- 
censed when those war horses were 
featured in the then -current cata- 
logues, and priced only painfully with- 
in the reach of a kid with a paper 
route, I owned several of the models 
Larry pictured. 

Equipment like the Johnson Adven- 
turer were among my first transmitters. 
The DX -100 was, as Larry mentioned, 
one of the best bargains; although if 

memory serves, the DX -1008 was the 
better of that series transmitters. Not 
mentioned in the Lisle article, inciden- 
tally, was a clunker made by Barker & 
Williamson-the Model 5100B. That 
unit was in the same power class as the 
Heathkit DX -100, but was of heavier 
construction. I've recently seen a cou- 
ple of 5100B's on sale at hamfests. Also 
left out were the SSB rigs of that era. 
Models like the Heath HW-100, HW-101, 

and SB -100 -series are easily obtained. 
This year's hamfest season is just be- 

ginning, and that means low-cost ra- 
dio "gold" is awaiting you. The 
supposed "indestructibility" of those 
old transmitters is witnessed by the fact 
that so many of them are still around. 
For instance, at last year's 
Gaithersberg hamfest, I saw a dozen 
or more Johnson Ranger transmitters, 
including one tailgater who was offer- 
ing two of them for $150. 

I once ran into a chap who worked 
for a missionary radio outfit in the third 
world. Because commercial transmit- 
ters are so expensive, they found it 

economical to scour hamfests for usa- 
ble AM rigs in the 50- to 250 -watt class 
and then convert them to medium - 
wave broadcasting frequencies be- 
tween the 80- and 40 -meter ham 
bands (those bands are used for local 
and regional broadcasting around 
the world, even if not in the USA). They 

By Joseph J. Carr, K4IPV 

found it cheaper to place small trans- 
mitters in small towns than to attempt 
covering an entire region with a large 
rig. The Johnson Viking Il was par- 
ticularly desirable because it tuned 3 

to 30 MHz, using a roller inductor. 
But despite their longevity, those 

"golden -oldie" transmitters are not in- 
destructible in any sense of the word. In 

this month's column, we will discuss 
what to look for, and how to resurrect a 
long -neglected transmitter. 

Look Before You Leap. First, unless 
the dollar investment is too small to 
make investigation worthwhile, take 
the covers off the rig and inspect the 
innards. Look for missing shields. (Those 
early rigs were often well -shielded 
against NI radiation.) For instance, a 
Heathkit Model DX -608 that I came 
across had the RF -deck cover and 
bottom cover missing. Those covers 
are merely flat aluminum plates, and 
new ones can be fashioned from hard- 
ware -store sheet aluminum (use the 
perforated type to vent the heat while 
retaining the RF). 

Also look at the power transformer, 
especially on the underside of the 
chassis. Take a sniff to see if you can 
detect the characteristic acrid odor of 
burnt tar, which would indicate that the 
transformer is shorted. 

Then operate all of the controls in 
order to detect roughness or snagging 
operation. That could indicate that a 
variable capacitor is bent or that a 
potentiometer has been burnt. Of 
course, none of those defects is neces- 
sarily fatal, but it might give some in- 
dication as to which one of several to 
buy. Even the power transformer can 
be replaced with a model from the 
universal lines, or even one salvaged 
from an old tube -type TV set. 

In addition, take a close look at the 
electrolytic filter capacitors. Look for 
swelling, oozing liquid, dry powder - 
like (once liquid but is now dried) ma- 
terial at the ends of the units, and any 
telltale discoloration of the body of the 
capacitor. Also look at the metal can 
electrolytic capacitors for similar prob- 
lems. 

Even if none of them show signs of 
damage or fatigue, it is a good idea to 
replace the electrolytic capacitors in 
old equipment. Electrolytic capacitors 
just don't store well. The symptoms of a 
bad electrolytic in the power supply 
are a hum or buzz on AM, and a 
raucous buzzing and chirping CW sig- 
nal. (If your RST report is 574, then sus- 

pect a problem!) 
Also check the general construction 

of the unit. Many of those transmitters 
were sold in kit form only, or as both kits 
and factory -built units. Remember that 
many of those rigs were for novices 

Before purchasing old equipment of any type, it's best to check out its innards. Pay 
particular attention to the electrolytic capacitors and the power transformer. 
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Fig. I. Here's a partial schematic diagram 
of the crystal oscillator in the DX -60B. 
After many years in storage, the slug in 
LI-the tuned coil-had changed somewhat 
and the coil was no longer resonant. 

whose experience level was mini- 
mal-the construction often reflected 
that fact. 

Before turning the rig on, spray the 
controls and switches with a contact 
cleaner. Work the controls vigorously to 
force the cleaning action. The reason 
for doing that is that many malfunc- 
tions are actually caused by dirty con- 
trol or switch contacts. In many cases, 
pre -cleaning not only eliminates 
useless troubleshooting-looking for 
problems that don't exist-but in a 
transmitter, it could mask a fatal fault. 
For example, is the apparent lack of 
grid current due to a faulty meter 
switch, or a lack of drive current from 
the oscillator? 

Cl 
47pF TO 

X6146 
GRID 

L1 

R2 

1K 

1W 

C2 

005 

Trial By Fire. Now comes the big 
smoke test! Connect the transmitter to 
a dummy load and RF wattmeter. If 

you do not have those instruments, 
then "wing it" the way we did in the 
1950's; use a 75 -watt electric light bulb 
as the load...its brightness will tell you 
how much RF is being produced. A 
short piece of coax can be used to 
connect a light socket to the rig. 

Make sure that a crystal is inserted 
into the socket. If more than one socket 
is available, make sure that the crystal 
(xTAL) switch is set for the socket that is 

occupied by a crystal. Alternatively, 
make sure that the VFO is installed cor- 
rectly. A telegraph key should be con- 
nected to the KEY jack. 

Select a band that matches the 
crystal; harmonics of 7 -MHz are used 
on 14 -MHz and above. The desired fre- 
quency is divided by 2 on 20 -meters, 
by 3 on 15 -meters and, by 4 on 10 - 

meters. 
If the rig has a tune position on the 

FUNCTION switch (the DX -60B does), then 
set the rig to tune. Also set the METER 

switch to grid. That setting disables the 

final amplifier tube to permit the final 
amplifier input stage to be tuned. If 

there is a DRIVE LEVEL control (as on the 
DX -60B), adjust the control for a max- 
imum grid current of 2.5 mA if only one 
final tube is used, or 5 mA if two are 
used. 

Next, turn the FUNCTION switch to CW, 
and the METER switch to plate. The LOAD 

control should be adjusted to the posi- 
tion in which the capacitor plates are 
fully meshed, and the TUNING control to 
either its mid -point or the approximate 
band markings on the front panel. 

Key the Rig. The meter should read 
plate current. Quickly adjust the TUNING 

control for minimum plate current. 
When the TUNING control is properly ad- 
justed, the RF output (lamp brightness) 
goes up. Advance the LOAD control a 
little and then re -dip the TUNING control. 
The lamp should become slightly 
brighter. Alternately, advance the LOAD 

and re -dip the TUNING control until the 
maximum plate current is reached. For 

a single 6146, use about 125 mA, for a 
single 807 or 1625 final -amplifier tube, 
use about 115 mA. Double those fig- 
ures if two tubes are used. 

Now you are ready to go on the air. 

Or should be. In the case of the DX -60B 

that I resurrected, the rig failed to key 
sometimes When that happened, the 
grid drive failed (which could kill the 
final amplifier tube), indicating that 
the problem was the oscillator. After a 
lot of head scratching, I found the 
problem. 

Figure 1 shows a partial schematic 
diagram of the crystal oscillator in the 
DX -60B. Inductor L1 is a slug -tuned coil. 
After many years in storage, the slug 
had changed somewhat, and the coil 
was no longer resonant. The slug still 

had the range, however, so I read- 
justed it until the rig keyed reliably. The 
coil's misadjustment was causing the 
oscillator to fail to turn on sometimes. 

Those old novice and general trans- 
mitters of the 1950's and early 1960's 
may not have been indestructible, but 
they came close. Resurrecting them is 

not difficult, and is a good way to get 
on the air cheaply. 

Well, we've used up the space allot- 
ted to us for this month, but be sure to 
tune in again next month when we'll 
chat more on this interesting topic. Until 
then, if you have any tips, comments, 
or suggestions for this column, send 
them to Ham Radio, Popular Elec- 
tronics, 500-B Bi -county Blvd., Farm- 
ingdale, NY 11735. 
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ANTIGRAVITY 
(Continued from page 37) 

into the hole in the other piece of wood 
(as shown in Fig. 2). Now using a 1/2 -inch 
thick piece of plywood as a base, at- 
tach the piece of wood (using screws 
or glue) containing LEDI to the base 
and hook up the transmitter circuitry. 

Next attach the other piece of 
wood, containing the solar cell, to the 
base. Attach a voltmeter to the solar 
cell, and align the piece of wood con- 
taining the solar cell with the one con- 
taining LEDI, adjusting the two framing 
pieces until you get the maximum volt- 
age reading-about 0.2 volt. Once 
properly aligned and focused, apply 
some wood glue to the bottom side of 
the wood that has the solar cell, and 
let it dry without moving the wood. 

Once the first upright secured in po- 
sition, place the second upright on the 
base board, moving it around to find 
the optimum position. Once the proper 
position is located, secure the second 
upright in place with glue or screws. 

After securing the two uprights, cut a 
1 x I -inch piece of wood (the cross 
brace) to a length to fit across the top 
of the two uprights. Drill a 1/2 -inch hole 
directly in the center of the cross 
bracer to fit the bolt that serves as the 
core of the electromagnet. Then at- 
tach the cross brace to the top of the 
uprights with screws or glue. 

Thread the bolt through the cross 
brace, and screw a 1/2 -inch nut onto 
the top of the electromagnet's bolt to 
hold it in place. The cross brace, like 
the two uprights, has a hole drilled 
lengthwise through the center to pro- 
vide a duct for the wires of the elec- 
tromagnet. You may, if you choose, 
tape the wire to the outside of the 
frame. 

Now interconnect the three circuit 
boards, as shown in Fig. 1. Connect 
PCI, LEDI, and LI to the appropriate 
points in the circuit and you are nearly 
done. 

The Magnetic Ball. A light, hollow 
plastic ball is used as the floating 
sphere in this project. It must be 
opaque (not able to pass any light) or 
it will be useless because the proper 
operation of the circuit depends on 
the ability of the ball to block IR emis- 
sions. The author used a ping-pong 
ball. 

A hole is cut (drilled) in the ball and 
a permanent magnet is glued inside. 
The magnet must be fairly strong, yet 

When the Anti -Gravity Generator is 
completed, you can sand and paint or stain 
the frame to improve its appearance. 

small in size. A source for such a mag- 
net is given in the Parts List, The pro- 
totype of the magnetic ball has two 
such magnets glued inside. If the elec- 
tromagnet is at a polarity that opposes 
the polarity of the magnetic ball, the 
unit will not work. The ball will tend to 
roll over and fall. So if that is the case, 
reverse the wires of the electromagnet 
to remedy that condition. 

Operation. With the unit powered up, 
the electromagnet should be at full 
power, with the transmitter and the re- 
ceiver not blocked. Test the project by 
placing a small screwdriver or any 
magnetic material near the elec- 
tromagnet. The electromagnet should 
attract it and when the IR receiver is 

blocked, the screwdriver should fall. 
If all is well, position the elec- 

tromagnet so that it is located just 
about 1 inch above the transmitter and 
receiver, and slowly move the ball up 
toward the electromagnet. There 
should be a point where the ball will 
float by itself. 

Troubleshooting. If the ball opposes 
the electromagnet, reverse the wires of 
the electromagnet. If the ball is drawn 
toward the electromagnet too quickly, 
raise the position of the elec- 
tromagnet. If the ball shows no re- 
sponse near the transmitter and 

receiver, lower the electromagnet, un- 
til a response occurs. 

Room lights may effect the unit. A 
simple diaphragm could be fab- 
ricated from tape and placed so that 
it shields the edges of the solar cell. 
That cuts down on the room lights that 
can hit the solar cell. The wider the 
receiver and transmitter are apart, the 
more likely it is that ambient light can 
effect the unit. 

It may take a bit of experimenting 
with the adjustment of the elec- 
tromagnet's position and with the ap- 
erture of the receiver, using black tape 
to control the ambient light hitting the 
solar cell in the receiver unit, in order to 
get the unit to function properly. 

Make sure the infrared transmitter 
and receiver are in alignment. If you 
are using lenses, make sure that they 
are in focus. Focusing the lens helps to 
keep the beam as thin as possible. The 
plastic ball must be opaque and as 
light -weight as possible. 

CIRCUIT CIRCUS 
(Continued from page 87) 

Sound -Activated Switch. In our final 
circuit, the power FET is used as a 
switch in a sound -activated cassette - 
recorder circuit; see Fig. 7. Such a cir- 
cuit might find application in a project 
for recording intermittent noise or wild- 
life sounds automatically without hav- 
ing the recorder running constantly. 

A sensitive electret microphone 
picks up the sound and feeds the sig- 
nal to a two -stage amplifier circuit, 
consisting of U1 -a and U1 -b. The ampli- 
fied output of UI -b is fed to a voltage - 
doubler circuit (made up of DI, D2, C4, 
and C5). The output of the doubler is 

input to the gate of 611. When the DC 
voltage reaches the gate's threshold 
level, Q1 switches on, starting the re- 
corder. 

The cassette's internal or external mi- 
crophone can be used to record nor- 
mal sound levels, but for picking up 
weak sounds use the amplified output 
for a boosted level. Resistor R6 sets the 
circuit's sensitivity and should be ex- 
perimented with to obtain the op- 
timum adjustment. 

That's all the time and space allot- 
ted to us for this month, but be sure to 
tune in again next month, when we'll 
present another group of fun circuits 
designed to entertain and educate 
you in the ways of electronics. So until 
then, don't fret just reach for a power 
hexFET. 
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LIGHTS ON 
(Continued from page 34) 

Once you've obtained the parts out- 
lined in the Parts List, assemble the 
project using Fig. 3 as a guide. When 
installing the semiconductors, be sure 
to observe the proper polarity. 

To check the circuit's operation, 
connect either point "H" or "P" to the 
positive terminal of a 12 -volt DC source 
and connect "I" to the same terminal. 
Adjust the volume to suit. 

After completion, the board can be 
mounted in an enclosure or coated 
with plastic spray and wired directly to 
the auto's parking -light, headlight, 
and ignition circuits. If the circuit is 

mounted in an enclosure, a cutout 
should be made for the terminal strip, 

LIGHT SWITC 

o 

IGNITION 
SWITCH 

AUTO 
BATTERY 

I 

H 

HEAD LAMP 
RELAY 

o 
o 

P PARK LAMP 
CIRCUIT 

TO IGNITION 
AND ACC CKTS 

Fig. 4. Before installing the Light Warning 
System in your auto, first determine whether 
a Zener diode must be included in the 
circuit (see text for details). 

and a few small holes should be drilled 
in the bottom to allow sound from the 
piezo buzzer to escape. 

Installation. Refer to Fig. 4 for details 
on connecting the circuit to your auto- 
mobile. The pad marked "I" is con- 
nected to the vehicle's ignition lead (at 
some point after the ignition switch). 
The pad marked "H" connects to the 
headlight power line, and "P" goes to 
the parking -light line. 

The wires are easily attached with- 
out disrupting the vehicle's wiring by 
using parallel splice connectors 
(available as Radio Shack part No. 
64-3052). Once connected and 
checked, the unit can be mounted to 
the fire wall or inside the dash with dou- 
ble -sided tape or velcro strips. To allow 
the lights to be used with the ignition off 
without sounding an alarm, a single - 
pole single -throw (SPST) switch can be 
connected in series with D3 to defeat 
the alarm. 

WATCH FiS ISSUE 
ON SALE APRIL 4, 1989 

Radìo- 

e ronh :r 
TECHNOLOGY - VIDEO - STEREO - COMPUTERS - SERVICE 

ISDN 
Build This Prototyping 
Telephone 

OUR MAY ISSUE FEATURES 
ISDN 
It won't mean "I Still Don't Know" after you build our prototyping telephone. 

CAPACITORS 
How to choose the right capacitor for the job 

VIDEO TAPES 
Are so-called "high grade" tapes worth the high prices they command? 

VCR EXTENDER 
Use your remote control and watch your VCR in any room of the house! 

COMPUTERDIGEST 
Build a digitel-to-analog converter and control it with your printer port! 

PLUS: Don Lancaster:s Hardware Hacker 
Larry Klein's Audio Update 
Dave Lachenbruch's Video News 
Hardware Reviews, Software Reviews 
And lots more! 

: 

AmericanRadioHistory.Com



MEGAMATE DISK 
(Continued from page 38) 

disconnected in our installation be- 
cause it was restricting the movement 
of the housing.) 

Turn the computer on and notice 
that the computer operates as it did 
before. Up to this moment your com- 
puter does not even know that a 
change has taken place. 

Software. The installation of Mega - 
mate software is a snap. Boot up your 
computer and insert the Megamate 
software floppy diskette into drive A. 
Then make sure your system has the 
DOS prompt "A>" before you pro- 
ceed. 

Run the MEGAPREP program by typ- 
ing "megaprep" and hitting the 
<Enter> key. Follow the simple instruc- 
tions given by the program on the 
screen. The Megamate software is 

now installed on your DOS system dis- 
kette. Don't worry about the floppy or 
hard -disk configuration of your sys- 
tem-the software will ask significant 
questions and take the configuration 
of your system into account. Once the 
procedure is completed, remove the 
Megamate software diskette and put 
it in a safe place. Either power the 
computer off and then on, or do a 
warm boot (simultaneously press the 
<Ctrl>, <Alt>, and <Del> keys). 

When the computer is powered up, 
a message will appear on the screen 
to tell you the Megamate driver letter. It 

will read: 

The following Megamate drive is available: 
Drive D: - 3.5 inch High Capacity 

and, in this case, you would refer to 
Megamate as drive D. when access- 
ing it via any software packages. You 
can check the 3.5 -in. diskette drive let- 
ter anytime by entering the MMDRIVES 
command. That command will cause 
the drive letter message to be printed 
on the screen. About this time the user 
will begin to notice the quiet operation 
of the drive. 

Formatting. There are two popular 
3.5 -inch diskette formats for IBM and 
compatible computers. One is the 
720KB format, which is used by the IBM 
laptop computer and several other 
laptops. The other is the 1.4MB high - 
density format introduced on the IBM 

PS/2 model 50 and higher -level mod- 
els. 

The Megamate system will automat- 

ically sense the format of the diskette 
used, whether it is 720KB or1.4MB, and 
will adjust itself accordingly. The only 
time the user has to select a format is 

when initializing a new blank diskette. 
Software is provided by the Mega - 

mate after the MEGAPREP program 
has been run. To format a blank dis- 
kette, place it in the D drive and at the 
DOS prompt type MMFORMAT D: /720, 
or just MMFORMAT D:, which will de- 
fault to the 1.4MB format. 

What if...? Something could possibly 
go wrong. Our installation went 
smoothly, but your's may not. If the sys- 
tem fails to work, rerun the MEGAPREP 
program again. Maybe one of your 
answers was incorrect. If the problem 
persists, the manual alerts the user to 
address jumper settings on the card. 
The factory setting should cover almost 
all of the possible configurations used, 
but two other settings are available just 
in case a problem arises. For example, 
the factory setting activates I/O port 
360h -367h. The other two ports are 
3F0h-3F7h and 3E0h-3E7h. 

MicroSolutions includes a text pro- 
gram on the software diskette, MEGA- 
PRNT.ME, which tells of two problems, 
one each with the AT&T PC 6300 sys- 
tem and Hyundai Super 286C system, 
that can be software corrected in mo- 
ments. Also, a troubleshooting index in 

the manual offers significant as- 
sistance to Megamate users. That in- 
dex is complete, however, should the 
user be unable to eliminate the prob- 
lem, Megamate offers technical sup- 
port over the telephone. 

The Advantages. It is obvious that the 
Megamate extension card, cable, 
and drive assembly are of the highest 
quality. The design made installation 
simple. The software was well planned 
and assured the basic neophyte of 
success in the application of it. The 
manual was brief and short, yet com- 
plete providing the information a user 
would require. If the user requires the 
ability to read either 720KB or 1.4MB 

diskettes, the Megamate does the job 
well. 

Megamate 3.5 -inch disk -drive sys- 
tem is available from MicroSolutions, 
Inc., 132 West Lincoln Highway, De - 
Kalb, IL 60511 and sells for $349.00. Mi- 
croSolutions offer a one year parts and 
labor warranty. For more information 
about the Megamate, contact the 
company directly or circle No. 63 on 
the Free Information Card. 

ANTIQUE RADIO 
(Continued from page 89) 

uric Library Volume 9 (1949 edition). If 

anyone has one or more of the other 
eleven volumes in this set, Eric would 
like to hear from you. 

Richard Spratley, one of the people 
who identified the Philco microphone 
in A Flick of The Switch, wrote that he 
enjoyed reading about the Philco 
"thingumajigs" and enclosed a pic- 
ture and description of a "thinguma- 
jig" of his own. 

Since several readers have asked 
me to include more mysteries in the 
column, I'm going to run the photo and 
hold back the explanation. Can any of 
the more astute gadgeteers in the 
crowd figure out what Dick is up to 
here? If you're not sure what's going on, 
send in a good creative guess-the 
wilder the better! I'll acknowledge all 
responses, and print the answer, in a 
future issue. One hint: the antique -look- 
ing object at the left is a crystal set. 

PHILCO PHONE 
for Private 

Inter -Room Conversation 

Provides two-way communi- 
cation between a Master 
Station and as many as five 
Remote Stations in other 
rooms. Ideal for homes and 
offices. Saves time and effort. 
Can he installed easily and 

MASTER 

STATION 

UNIT 

REMOTE STATION 

UNIT 

This illustration of the Philco Phone came 
from a photocopy of an advertising brochure 
contributed by Antique Electronic Supply Co. 

Reader Restorations. Several read- 
ers have sent in very nice shots of sets 
that they've acquired and/or restored. 

I have room for just a couple of them 
this month, and plan to run more in the 
next issue. Among the several pictures 
sent in by Randy Eppmethe (Rt. 2, Box 
621, Camden, AR 71701) is that of a 
very fine Crosley Model 148CP. Since 
that radio's original cabinet was too 
far gone to restore, Randy designed 
and built a special one for it. Quite an 
impressive piece of craftsmanship! 
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Reader Catto's workbench is almost as 

cluttered as my own, but his Zenith 
7S529 restoration looks like a first- 
class job. 

Randy would like very much to get his 

hands on a schematic for the set. 
Please write him if you can help. 

Bob Catto (Chicago Heights, IL) sent 
a long and interesting letter telling me 
about some of the favorite radios in his 

large and varied collection. He en- 
closed a shot of a corner of his work- 
bench, featuring a Zenith 7S529 now 
under restoration. 

The set itself didn't need much work, 
but the cabinet required a lot of atten- 
tion. Most of the original finish was 
gone on both the wood surfaces and 
the metal dial bezel. Just the kind of 
project I hate, but Randy has worked 
wonders with it. Look for more reader 
"show and tell" items next month! 

Information Wanted. I've accumu- 
lated quite a backlog of letters from 
readers looking for information on old 
sets. Let's look at two. 

John Burch (5431 South View Dr., 
Louisville, KY) is working on a Zenith 
85154 he inherited from his grandfather 
and would like any information he can 
get on this model. As for John's ques- 
tion about where to get replacement 
grille cloth, Antique Electronic Supply 
should be able to solve that problem, 
too. 

Dennis A. Ritzel (6505 Sefton Ave., 
Baltimore, MD) is restoring a Zenith 
6552 and wonders what it would be 
worth if he decides to sell it. Interested 
readers might want to write him, see if 
he still has the set in his possession, and 
make an offer. Dennis is also looking for 
manuals for a couple of pieces of test 
equipment made by Precision Appa- 
ratus Co. (Glendale, NY): Sweep Gen- 
erator Model E-400 and Marker 
Generator Model E -200-C. 

See you next month. In the mean- 
time, I'll be looking forward to hearing 
from you! Address your correspon- 
dence to Antique Radio, Popular 
Electronics, 500-B Bi -County Blvd., 
Farmingdale, NY 11735. 

Enter A World Of Excitement 
with a Subscription to 

Popular Electronics 
Get the latest electronic technology and information monthly! 
Now you can subscribe to the magazine 
that plugs you into the exciting world of 
electronics. With every issue of Popular 
Electronics you'll find a wide variety of 
electronics projects you can build and 
enjoy. 

Popular Electronics brings you informa- 
tive new product and literature listings, 
feature articles on test equipment and 
tools-all designed to keep you tuned in 
to the latest developments in electronics. 
So if you love to build fascinating elec- 
tronics, just fill out the subscription form 
below to subscribe to Popular Elec- 
tronics ... It's a power -house of fun for 
the electronics enthusiast. 

EXCITING MONTHLY FEATURES LIKE: 
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CONSTRUCTION-Building projects from crystal sets to electronic roulette 
FEATURES-Educational training on digital electronics, Ohm's Law, Antennas, 
Communications, Antique Radio, Simplified Theory HANDS-ON-REPORTS- 

User test comments on new and unusual consumer products SPECIAL 
COLUMNS-Think Tank, Circuit Circus, Computer Bits, DX Listening, Antique 

Radio, Amateur, Scanner Scene 

Now you can subscribe to the magazine that plugs you into the exciting world of elec- 
tronics. With every issue of Popular Electronics you'll find a wide variety of electronics 
projects you can build and enjoy. 

Popular Electronics brings you informative new product and literature listings, feature 
articles on test equipment and tools-all designed to keep you tuned in to the latest 
developments in electronics. So if you love to build fascinating electronics, just fill out 
the subscription form below to subscribe to Popular Electronics ...It's a power -house of 
fun for the electronics enthusiast. 

r 

FOR FASTER SERVICE CALL TODAY 

1-800-435-0715 
IN ILLINOIS 1-800-892-0753 (7:30AM-8:30PM) 

EASTERN STANDARD TIME 

Popular Electronics SUBSCRIPTION ORDER FORM 
APE-E9 P.O. Box 338, Mt. Morris IL. 61054 

YES! I want to subscribe to Popular Electronics for PLEASE PRINT BELOW: 
1 Full year (12 Issues) for only $18.95. That's a savings 
of $11.05 off the newstand price. 

Payment Enclosed Bill me later 

Please charge my: Visa Ì Mastercard 

Acct. al 1111111111111 
Signature Exp. Date 

ADDRESS 

i 

CITY STAFF. LIP 

Allow 6 to 8 weeks for delivery of first issue. U.S. Funds only. 
In Canada add $5.00 Postage All Other Foreign add $7.50 Postage. 
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BUILD -IT BOOKS 
FOR EXPERIMENTERS 

Madam Op -Amp BP106-MODERN OP - 
AMP PROJECTS .... 
$5.75. Wide range of build - 
it projects that use op - 
amps. Easy to build board 
layouts provided for most. A 
variety of projects of all 
kinds are included. 

Proieets 

#223 -PROJECTS 
USING THE CA3130 .... 
$5.00. 50 different ways to 
put this op -amp to work in- 
cluding audio, RF, test 
equipment, household and 
miscellaneous projects. 

80 MAMMA 
urti.re CAM» 

E BP44-IC 555 PROJ- 
ECTS .... $5.95. Included 
are basic and general timer 
circuits, automobile and 
model railroad circuits, 
alarms and noise makers, 
as well as a section on 556, 
558, and 559 timers. 

E #224-50 CMOS ICS 
PROJECTS .... $5.25. 
These IC's are suitable for 
an extraordinary range of 
applications. This book 
shows you just how much 
you can do with them. 

BP59-2ND BOOK OF 
CMOS IC PROJECTS... . 

$5.50. Still more ways to 
use these versatile devices. 
None of these projects over- 
lap those in book #224. 
The pair make a wonderful 
circuit reference set. 

C1 BP84-DIGITAL ICI 
PROJECTS .... $5.50., 
Both simple and more ad- 
vanced projects to help the 
reader develop a knowl- 
edge of the workings of digi- 
tal circuits. A number of 
board layouts are included. 

MAIL TO: Electronic Technology Today Inc. 
P.O. Box 240 
Massapequa Park, NY 11762-0240 

SHIPPING CHARGES IN USA AND CANADA 

Z $0.01 to $5.00 ...$1.25 $30.01 to $40.00 $5.00 
$5.01 to 10.00 ...$2.00 $40.01 to $50.00 $6.00 
$10.01 to $20.00 $3.00 $50.01 and above $7.50 

Z $20.01 to $30.00 $4.00 
= SORRY, No orders accepted outside of USA and 

Canada 
U 

Total price of merchandise $ 

Z Shipping (see chart) $ 

OoC Subtotal $ 

U Sales Tax (NYS only) $ 

Total Enclosed $ 

w 
CC 

3 z a City State Zip 
äL 

Name 

Address 

E -Z MATH 
(Continued from page 84) 

Solve the first equation for Y in terms of 
X: 

2X+Y=6 
Y=6 -2X 

Solve second equation for X: 

3X -3(6-2X)=0 
3X -18+6X=0 
9X=18 
X=2 

Solve for Y with the second equation: 

3X -3Y=0 
3(2) - 3Y = 0 
6-3Y=0 
-3Y= -6 
Y=2 
8. Solve the first equation for X: 

3X -2Y= -21 
3X= -21+2Y 
3X/3= ( -21+ 2Y)/3 
X=( -21+2Y)/3 

Solve the second equation for X: 

5X+4Y= -13 
5X= -13-4Y 
X=( -13-4Y)/5 

Set the two equations equal and solve 
for Y: 

( -21+ 2Y)/3= ( -13 -4Y)/5 

To get rid of the fractions, multiply both 
sides by 15 (5 x 3): 

15( -21+ 2Y)/3 =15( -13 - 4Y)/5 
5( -21+2Y)=3( -13-4Y) 
-105+10Y= -39-12Y 
10Y+12Y=105-39 
22Y=66 
Y=3 
Solve for X in the first equation: 

3X -2Y= -21 
3X-2(3)= -21 
3X-6= -21 
3X= -21+6 
3X= -15 
X= -5 
9. Here is the solution using the pre- 
viously given five steps: 
1) See Figs. 5 and 6. 

2) See Fig. 6. 

3) 181+1282=VS1 
1383 + 12R2 = Vs2 
3011+4012=6 
6013+4012=12 
4) 12=11+13 

5) Substitute 11+13 for 12 in the first loop 
equation: 

3011+4012=6 

R1 R3 

3052 
I 

6052 

1 

Vst = 
6V 

R2 

4011 

12 V3 

V2 

J. 

Vs2 - I 

12V 

T 
F'g. 6. This is a revised version of 
F'g. 5 with the branch currents and 
voltages with polarities in place. 

3011+40(11+13)=6 
3011+4011+4013=6 
7011+4013=6 

Substitute 11 + 13 for 12 in the second loop 
equation: 

60(3+4012=12 
6013+40(11+13)=12 
6013+4011+4013=12 
4011+10013=12 

We must solve those equations for 11 

and 13. Solving for Li: 

7011+4013=6 
7011=6-4013 
11= (6-4013)/70 

Put this value in the second equation 
and solve for 13: 

4011+10013=12 
40(6-4013)/70 +10013=12 
(240 -160013)/70+10013=12 
3.43-22.8613+10013=12 
77.1413=12-3.43=8.57 
13 = 8.57/77.14= .111 amps 

Now, find 11: 

7011+4013=6 
7011+40(.111)=6 
7011+4.44=6 
7011=6-4.44=1.56 
11=1.56/70 = .0223 amps 

Now, compute 12: 

1 

12 = .0223 +.1 11= .1333 amps 
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EXECUTIVE DIVERSIONS 
(Continued from page 65) 

All this fun isn't really free, of course. 
GEnie charges about $5 per hour, 
while CompuServe charges about 
$6.30 an hour, with a pl-emium for 1200 
baud or higher speed modems. Most 
services have local telephone -access 
numbers in and around major cities, 
but they're not available everywhere 
so you may have to add in long-dis- 
tance charges as welL Also, Some lo- 
cal BBS's have the capability of 
supporting on-line games, adding to 
the fun (and the cost). 

In addition, a few IBM PC computer 
games provide modem support so 

A reality -based vehicle simulation, 
Orbiter, is a very complex space -shuttle 
simulation. Orbiter's features include all 
of the phases of space flight, from 
countdown to landing. 

that you can compete with another 
player on -screen at the same time. 
One such game is Sierra On -Line's 3-D 
Helicopter Simulation, which allows re- 
alistic two -player combat through a 
modem hookup. 

Hard Facts. Thus far, we've looked at 
the highly competitive world of PC 
gaming software. However, don't get 
the idea that the PC is the only com- 
puter with a "light-hearted" streak. 
There are a lot of machines out there 
that are just as suitable, or more so, for 
games. 

And not all PC's are created equal. 
Just because you own a PC doesn't 
mean that its cut out for fun and 
games. What makes a PC fit for work 
and play? What other machines make 
good playmates? Those are topics for 
next month. See you then! 

Popular Electronics REPRINT BOOKSTORE 

El 119 Popular Electronics (1989 back issues) $3.50 

Write in issues desired 

118 Hands -On Electronics (1988 back issues)$3.75 

Write in issues desired 

117 Hands -On Electronics (1987 back issues)$4.00 

Write in issues desired 

El 116 Hands -On Electronics (1986 back issues)$4.50 

Write in issues desired 

El 115A Hands -On Electronics #6 $5.50 

115 Hands -On Electronics #5 $5.50 

114 Hands -On Electronics #4 $5.50 

D 113 Hands -On Electronics #3 $5.50 

E l 112 Hands -On Electronics #2 $5.50 

111 Hands -On Electronics #1 $6.00 

D SPIO Special Projects #10 $6.00 

D SP9 Special Projects #9 $6.00 

SP8 Special Projects #8 $6.00 

SP7 Special Projects #7 $6.00 

SP6 Special Projects #6 $6.00 

SP5 Special Projects #5 $6.00 

SP4 Special Projects #4 $6.00 

Cl SPI Special Projects #1 $7.00 

D EH88 Experimenters Handbook (1988-89) $4.50 

EH87 Experimenters Handbook (1987) $5.00 

El 126 Radio -Electronics Annual 1986 $6.00 

125 Radio -Electronics Annual 1985 $6.00 

D 109 Radio -Electronics (1989 back issues) $3.50 

Write in issues desired 

108 Radio -Electronics (1988 back issues ..$3.75 

Write in issues desired 

107 Radio -Electronics (1987 back issues).. $4.00 

Write in issues desired 

106 Radio -Electronics (1986 back issues) .. $4.25 

Write in issues desired 

105 Radio -Electronics (1985 back issues).. $4.75 

(January not available) 

Write in issues desired 

D 104 Radio -Electronics (1984 back issues) .. $5.75 

(December not available) 

Write in issues desired 

103 Radio -Electronics (1983 back issues). $6.00 

(Jan, Feb, May, Dec not available) 

Write in issues desired 

REPRINTS REPRINTS 

169 Think Tank (133 Circuits) $3.50 

p 168 Fact Cards (#34-66) $3.50 

167 Designing With IC's $4.00 

166 Collected Works of Mohammed Ullyses Fips 

(62 pages, April Fools Collection) $7.50 

165 How to Repair CD Disc Players $5.00 

E 164 Modern Electrics (April 1908) $3.00 

163 Receiving Satellite TV $5.00 

162 Build Your Own Satellite TV Receiver $5.00 

161 Descrambling (Feb., 1984) $3.00 

160 New Ideas - 42 Circuits $3.50 

159 Low Frequency Receiving Techniques 

Building and using VLF Antennas $5.00 

El 158 Electro Importing Co. Catalog 

(Circa 1918) $5.95 

D 157 All About Kits $2.00 

D 156 How To Make PC Boards $2.00 

D 155 IBM Typewriter To Computer $2.00 

E l 154 How To Repair VCR's $3.50 

To order any of the items indicated above, check off the 
ones you want. Complete the order form below, include 
your payment, check or money order (DO NOT SEND 

CASH), and mail to Popular Electronics, Reprint De- 

partment, P.D. Box 4079, Farmingdale, NY 11735. 
Please allow 4-6 weeks for delivery. 

If you need a copy of an article that is in an issue we 

indicate is unavailable you can order it directly from us. 

We charge 50C per page. Indicate the issue (month & 

year), pages and article desired. Include payment in 

full, plus shipping and handling charge. Make checks 
payable to Gernsback Publications, Inc. 

ARTICLE 

PAGES MONTH YEAR 

TOTAL PAGES @50C each TOTAL PRICE 

MAIL TO: Popular Electronics 
Reprint Bookstore, P.O. Box 4079, Farmingdale NY 11735 

SHIPPING CHARGES IN USA & CANADA 

All payments must be in U.S. funds 

$0.01 to $5.00 $1.25 $30.01 to 40.00 .... $5.00 SORRY - We only ship to USA & 

$5.01 to $10.00 $2.00 $40.01 to 50.00....$6.00 Canada 

$10.01 to 20.00 $3.00 $50.01 and above ... $7.50 
$20.01 to 30.00 $4.00 
Total price of merchandise $ 

Sales Tax (New York State Residents only) $ 
$ Shipping Charge (see chart) 

Name Total Enclosed s 

Address 

City State Zip PE589 
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SWL ANTENNA 
(Continued from page 43) 

pipe, and position the windings to 
evenly cover the pipe to the third one - 
foot mark. 

Continue wrapping and taping until 
the full 7 -foot winding has been com- 
pleted. Wrap the end of the 7 -foot 
winding extra securely because you 
are going to be making the connec- 
tions at that end, and it's annoying to 
say the least, to have the winding 
loosen while you are splicing and sol- 
dering the ends together. If you've 
done everything correctly, the near 
and far ends will be together at the 
end of the pipe where you'll be mak- 
ing the connections. 

Hooking it up. Here's where we start 
having fun. The basic connections are 
shown in Fig.1. Strip about a half inch to 
an inch from the ends of each con- 
ductor at each end of the cable. Pair 
up the ends (check with an ohmmeter 
just to be sure). Take the first two con- 
ductors of the near end of the flat ca- 
ble (going right to left, or left to right-it 
doesn't matter as long as you are con- 
sistent) and twist (splice) them with the 
first and fourth conductors of the far 
end of the cable to make connection 
A. Then, take the third conductor of the 
near end and splice it to the second 
conductor of the far end. Finally, take 
the fourth conductor of the near end 
and splice it to the third conductor of 
the far end. That leaves the last (fifth) 
conductor; the ends of that conductor 
are designated the B (far end) and C 
(near end) connections. 

Solder the splices together and 
cover with electrical tape; if you want 
more flexibility for experimentation, 
skip the soldering and secure the 
splices with wire nuts. The last step is to 
make two cuts in the coils. Cut the first 

conductor (only) at the mid point of the 
winding. Next cut the first and second 
conductors (only) at the point were the 
cable emerges from the pipe (at the 
far end), prior to the first turn of the 
windings. Once you've carefully made 
those cuts, you are set to connect the 
antenna to your receiver. 

For the basic configuration, ground 
connection A, and attach a length of 
coax cable to B (center conductor) 
and C (shield). The length of coax acts 
as a capacitor and, in combination 
with coil B/C, forms a fixed -frequency 
wave trap or matching circuit, which is 

inductively coupled to the balance of 

the antenna. It's a good idea to keep 
the length of coax between the anten- 
na and receiver to less than 15 feet so 
that you won't have to worry about its 

impedance. 
For experimenters, here are a cou- 

ple of things to try: You can experiment 
with the capacitance in the tuning cir- 
cuit by hooking external capacitors in 

series (to reduce capacitance) or par- 
allel (to increase capacitance). And 
you can use variable units to form a 
versatile antenna -tuning circuit. You 
can also decrease the physical length 
of the antenna by decoupling sec- 
tions. That can be done by breaking 
the splices in the conductors between 
the A and B/C connections of the an- 
tenna. 

Finally, for those interested primarily 
in broadcast -band DX'ing, try the con- 
figuration shown in Fig. 2. That circuit 
connects the antenna's conductors in 

a trolley -car fashion for the maximum 
physical length. Start with the near end 
and designate the end of the first con- 
ductor as A. Then connect the second 

SPLICES 

Fig. 2. Use these connections if your 
preference is broadcast -band DX listen 
ing. They put all 5 conductors in series 
for the maximum physical length. 

conductor at the near end to the first 
conductor at the far end. Proceed in a 
like fashion until all splices are made. If 
you've done everything correctly, the 
last conductor at the far end will have 
no connection; just clip it off. Connect 
A to the receiver's antenna input, and 
you are done. Do not cut the coils for 
this version of the antenna. 

As you can see, there's always plen- 
ty of room for experimenting with the 
Cliff -Dwellers SWL Antenna. And you 
don't have to worry about high -volt- 
age power lines, or falling off a roof or 
out of a window while trying to erect 
the antenna. Even better, the antenna 
doesn't cost much to build. 

COMPUTER BITS 
(Continued from page 91) 

BBS's, including Gemsback's own RE- 

BBS (516/293-2283). At the DOS prom- 
pt, type CORETEST HELP to get a sum- 
mary of what the test does and how to 
run it. 

If you can't locate a copy of COR- 
ETEST, you could time how long it takes 
to copy a large file to and from a fresh- 
ly formatted disk. You needn't perform 
a high-level format (with DOS's FOR- 
MAT program) to measure DTR with 
CORETEST, but you will to measure 
copy times. 

To change the IF, you must use soft- 
ware built into your disk controller or an 
external program; DOS's FORMAT pro- 
gram won't do it. Eight -bit XT control- 
lers usually have the appropriate 
routines built-in, as do sixteen -bit RLL 

controllers for AT machines. MFM con- 
trollers for AT's usually don't have built- 
in format routines. 

Usually you start the program by run- 
ning DEBUG.COM, and when you get 
the prompt (which is a hyphen), enter 
G=C800:5. At that point you should 
enter some sort of menu -driven pro- 
gram. In any case, consult the installa- 
tion guide for your disk drive and 
controller. 

In the absence of ROM -based low- 
level formatting software, you can use 
Disk Manager (from Ontrack Comput- 
er Systems) for a Seagate driver, or 
SpeedStor (from Storage Dimensions), 
for most drives. 

If you're interested in optimizing the 
performance of your machine, don't 
accept the manufacturer's default IF 

value; it's based on generalizations 
that may or may not fit your individual 
case. For example, the default IF for 
the 8 -bit Western Digital controller in 

my XT is 3. But as the chart in Fig. 1 

shows, I get four times the perfor- 
mance with an interleave of 4. On the 
other hand, Disk Manager wants to for- 
mat my ST -251 with an IF of 3, but I get 
50% better performance if I chose an 
IF of 2. 

If you want to experiment with dif- 
ferent interleave factors, do so before 
loading any software on your drive. If 

you want to experiment with a drive 
already in use, back it up first just to be 
safe! There is no way to recover data 
from a disk that has been low-level 
formatted. 

After settling on an optimal inter- 
leave, you'll have to use FDISK and 
FORMAT; consult your DOS manual for 
details. 
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COMMERCIAL SW 
(Continued from page 76) 

overseas audience. Still, in practice, 
there usually is a substantial signal 
"footprint" that falls on the U.S. 

States. 
Costello puts it more directly: "When 

you've got 3 -million watts of effective 
radiated power crossing the United 
States on its way to Canada and Eu- 

rope...I mean, if they want to listen, they 
listen!" 

Carlson adds that a substantial 
portion of the nearly 5,000 letters KUSW 

received in its first half -year of broad- 
casting were from American listeners. 

And Fricks notes that while the U.S. "is 

not our target and we don't beam to 
it," when potential advertisers ask- 
and they inevitably do-"our answer 
is, yes, there is a back -signal from 
WCSN that reaches most of the United 
States." 

Though all three commercial SW 

stations are working hard at it, what is 

missing so far is the big breakthrough, 
the first of the "big name" advertisers- 
the soft drink "kings," the auto makers, 
the fast-food franchisers with world- 
wide networks of restaurants. 

"The name Christian Science 
Monitor gets us in the door," Fricks says, 
"and when you talk to senior decision 
makers about advertising on what is 

basically a new medium there is real 
interest. 

"The difficulty lies in trying to trans- 
late that excitement into some con- 
crete steps that will lead to a benefit 
for both the advertiser and the broad- 
caster." 

"We're working with a number of 
major advertisers," says Carlson, "and 
they are receptive to the idea. We 
haven't got them right now, but we ex- 
pect to!" 

In the short run, that means short- 
wave broadcasters, especially the 
smaller WRNO Worldwide and Super- 
power KUSW, must be more creative 
when it comes to producing revenues. 

"We have to go about marketing 
shortwave in a different way than you 
do with AM or FM," Costello notes. "For 
instance, I have my own little mail- 
order business. We sell New Orleans 
Dixieland jazz records, an active an- 
tenna that amplifies our signal for peo- 
ple who live in apartments, converters 
for shortwave reception in your car, 
WRNO tee-shirts, and other listener -ori- 
ented products." 

KUSW also is selling "shortwave radi- 
os, golf shirts with the station logo, key - 

chains, stuff like that," Carlson says. But 

the Salt Lake City station, carrying the 
Sears -Roebuck -of -the -air gambit a 
step further, now has its own "Super- 
power KUSW Worldwide Catalog," 
which offers what Carlson calls "prod- 
ucts unique to the American West." 

WRNO Worldwide also "stumbled 
onto something else that has opened 
a whole other area of revenue for us," 
according to Costello. 

Five years ago, the commercial 
shortwaver began carrying play-by- 
play coverage of the National Foot- 
ball League's New Orleans Saints on 
Autumn Sunday afternoons. Though 
they produce no direct advertising 
revenue, they drew listeners...and the 
attention of the athletic diréctor of 
Louisiana State University. 

With more than 75,000 alumni 
around the country, and the world, the 
station offered an effective way to 
reach that important group. 

As a state -supported school, LSU 

could not buy airtime with taxpayers' 
money, but the alumni association 
pays WRNO from its funds to broad- 
cast its college football games. 

Two years ago, the University of Flori- 

da, for similar reasons, contracted with 
the station to carry its football sched- 
ule for a fee. 

"We're now beating on doors," Cos- 
tello says, "trying to sell this sports 
package of games to a beer or soft 
drink advertiser at a very attractive 
cost, to bring in more revenue." 

Commercial shortwave radio "at 
the moment...is not a tremendous driv- 
ing force," Jacobs admits, "but it is still 

in the fledgling stage. They're all still 

learning." 
"I'd like to leave you with this," Cos- 

tello says. "A year ago we got a call 
from Arbitron, the outfit that measures 
listening audiences. They wanted to 
know why a station in New Orleans 
kept turning up in its listener diaries in 

places from North Carolina to Chi- 
cago. They weren't aware we were 
shortwave. 

"Now those responses haven't 
reached the point where Arbitron can 
give me an estimate of my listening 
audience, but still, it was significant. 

"It's the first time that a shortwave 
station-long considered broadcast- 
ing's stepchild-ever managed to 
penetrate this barrier!" 

One tree can make 
3,000,000 matches. 

One match can burn 
3,000000 trees. 

El* 
A Pue6, srr4,ofThu Mier,. 

G The Adue.,innp Coun,l 

World's Largest hew/ ; 
Treasure Hunting 
Equipment Expo In A BOON - 
Treasure Hunters Buyers Guide 
Complete Comparison Charts & Guide To 
Electronic Metal Detecting Equipment: 

Over 90 metal 
detectors with photos, 
descriptions & specs; 

Chapters on how to 
choose the right 
detector for you; 

Glossary of new 
technical terms; 

In-depth charts that 
compare every 
detector by price, 
search modes, 
weight, special 
features, controls, 
power, uses, 
and warranties. 

tatoeta- 

Send check or money order for $7.95 plus $1.50 postage 
& handling for each copy to : People's Publishing Co., 
P.O. Box 1095 Dept. PE, Arcata, CA 95521. 
(U.S. only. Send street address - no P.O. Boxes please. CA residents add 6% tax.)päl 
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ELECTRONICS MARKET PLACE 
FOR SALE 

DESCRAMBLERS. All brands. Special: combo Jer- 
rold 400 and SB3 $165. Complete cable 
descrambler kit $39.00. Complete satellite de - 
scrambler kit $45.00. Free catalog. MJH INDUS- 
TRY, Box 531, Bronx, NY 10461-0531 

ALARM supplies. Wholesale prices, Save 60% 
1000 items. Catalog $2.00, ALARM DISCOUNT- 
ERS, P.O.Box 215, Kingsville, MD 21087. 

PICTURE flyer lists quality electronic parts at low 
prices. Send for 3 sample issues. STAR-TRONICS, 
Box 683, McMinnville, OR 97128. 

CABLE descrambler liquidation. Major makes 
and models available. Industry pricing! (Example: 
Hamlin Combo's, $44 each... minimum 10 orders). 
Dealers only! Call WEST COAST ELEC- 
TRONICS, (818) 709-1758. 

ALUMINUM image transfer proccess, your artwork 
to aluminum. Write: J & E ENTERPRISES, 2457 N. 
Marmora, Chicago, IL 60639. 

CB RADIO OWNERS! 
We specialize in a wide variety of technical information, parts and 

services for CB radios. 10 -Meter and FM conversion kits, repair 

books, plans, high-performance accessories. Over 12 years of 

satisfied customers! Catalog $2. 

CBC INTERNATIONAL 
P.O. BOX 31500H. PHOENIX, AZ 85046 

CABLE TV descramblers, Jerrold, Scientific Atlan- 
ta, Zenith. Most major brands. Dealer Inquiries Wel- 
come. Visa -M/C Accepted. E & O VIDEO, 9691 E. 
265th Street, Elko, MN 55020, 1 (800) 638-6898. 

CABLE equipment - If you want some of the best 
prices on filters, SSAVI, Hamlin, Z -Tac, SA, SB, 
THMode, Pioneer. Call (313) 979-8356. No Michi- 
gan sales. 

CABLE TV converters - Free catalog - Zenith, 
Tocom, Scientific Atlanta, Jerrold, Pioneer, Oak, 
Panasonic - Remotes, Video accessories. Best 
buys/service, monthly specials. ARIZONA VIDEO, 
3661 N. Campbell, #310-B, Tucson, AZ 85719. 
(602) 323-3330. 

TUBES - 2000 TYPES 
DISCOUNT PRICES! 

Early, hard -to -find, and modern tubes. 
Also transformers, capacitors and 
parts for tube equipment. Send $2.00 
for 24 page wholesale catalog. 

ANTIQUE ELECTRONIC SUPPLY 
688 W. First St. Tempe, AZ 85281.602/894-9503 

PARTS. IC's, capacitors, more. Best prices, Free 
flyer. TDC, 1412 35th Avenue, Gulfport, MS 39501. 

CAN converters & descramblers. Quality prod- 
ucts. Professional service. Call 1-(800)-541-5487. 
Visa, M/C accepted. Mountaintech, Inc., Box 
5074, Mt. Crested Butte, CO 81225. 

LISTEN to the world! Huge catalog of shortwave 
receivers, antennas, acessories, plus radioteletype 
and facsimile decoding equipment. Send $1 to: UNI- 
VERSAL RADIO, 1280 Aida Drive, Dept. PE, Rey- 
noldsburg, OH 43068. 

PLANS & KITS 
BUILD this five -digit panel meter and square wave 
generator including an ohms, capacitance and fre- 
quency meter. Detailed instructions $2.50. BAG- 
NALL ELECTRONICS, 179 May, Fairfield, CT 
06430. 

DIGITAL project: Build yourself an electronic car 
dashboard. Free details, $1.00 P & H. MODERN 
LABS, 2900d Ruisseau, St. Elizabeth, QC, JOK 
2J0, Canada. 

ELECTRONIC kits! Transmitters! Recorders! 
Phone Devices! Bug detectors! Surveillance Items! 
More! Catalog $1.00: XANDI ELECTRONICS, Box 
25647, 32BB, Tempe AZ 85285-5647. 

CLASSIFIED AD ORDER FORM 

To run your own classified ad, put one word on each of the lines below and send this form along with your check to: 

Popular Electronics Classified Ads, 500-B Bi -County Boulevard, Farmingdale, N.Y. 11735 

PLEASE INDICATE in which category of classified advertising you wish your ad to appear. For 
special headings, there is a surcharge of $11.00. 
( ) Plans/Kits ( ) Business Opportunities ( ) For Sale 
( ) Education/Instruction ( ) Wanted ( ) Satellite Television 

Special Category: $11.00 

PLEASE PRINT EACH WORD SEPARATELY, IN BLOCK LETTERS. 
(No refunds or credits for typesetting errors can be made unless you clearly print or type your 
copy.) Rates indicated are for standard style classified ads only. See below for additional 
charges for special ads. Minimum: 15 words. 

1 2 3 4 5 

6 7 8 9 10 

11 12 13 14 15 ($23.25) 

16 ($24.80) 17 ($26.35) 18 ($27.90) 19 ($29.45) 20 ($31.00) 

21 ($32.55) 22 ($34.10) 23 ($35.65) 24 ($37.20) 25 ($38.75) 

26 ($40.30) 27 ($41.85) 28 ($43.40) 29 ($44.95) 30 ($46.50) 

31 ($48.05) 32 ($49.60) 33 ($51.15) 34 ($52.70) 35 ($54.25) 

We accept MasterCard and Visa for payment of orders. If you wish to use your credit card to pay for your ad fill 
in the following additional information (Sorry, no telephone orders can be accepted.): 

Card Number Expiration Date 

PRINT NAME SIGNATURE 

IF YOU USE A BOX NUMBER YOU MUST INCLUDE YOUR PERMANENT ADDRESS AND PHONE 
NUMBER FOR OUR FILES. ADS SUBMITTED WITHOUT THIS INFORMATION WILL NOT BE ACCEPTED. 
CLASSIFIED COMMERCIAL RATE: (for firms or individuals offering commercial products or services) 
$1.55 per word prepaid (no charge for ZIP code)...MINIMUM 15 WORDS. 5% discount for same ad in 6 
issues within one year; 10% discount for 12 issues within one year if prepaid. NON-COMMERCIAL RATE: 
(for individuals who want to buy or sell a personal item) $1.25 per word, prepaid.... no minimum. ONLY FIRST 
WORD AND NAME set in bold caps at no extra charge. Additional bold face (not available as all caps) 30C 
per word additional. Entire ad in boldface, $1.85 per word. TINT SCREEN BEHIND ENTIRE AD: $1.90 per 
word. TINT SCREEN BEHIND ENTIRE AD PLUS ALL BOLD FACE AD: $2.25 per word. EXPANDED 
TYPE AD: $2.05 per word prepaid. Entire ad in boldface, $2.45 per word. TINT SCREEN BEHIND ENTIRE 
EXPANDED TYPE AD: $2.55 per word. TINT SCREEN BEHIND ENTIRE EXPANDED TYPE AD PLUS 
ALL BOLD FACE AD: $2.95 per word. DISPLAY ADS:1" x 21/4'-$175.00; 2" x 2/-$350.00; 3" x 21/4"- 
$525.00. General Information: Frequency rates and prepayment discounts are available. ALL COPY 
SUBJECT TO PUBLISHERS APPROVAL. ADVERTISEMENTS USING P.O. BOX ADDRESS WILL NOT 
BE ACCEPTED UNTIL ADVERTISER SUPPLIES PUBLISHER WITH PERMANENT ADDRESS AND 
PHONE NUMBER. Copy to be in our hands on the 15th of the fourth month preceding the date of 
Issue (I.e.; Sept. Issue copy must be received by May 15th). When normal closing date falls on 
Saturday, Sunday or Holiday, Issue closes on preceding work day. Send for the classified brochure. 
Circle Number 49 on the Free Information Card. 
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VIDEOCIPHER II manuals. Volume 1- hardware, 
Volume 2 -software. Either $32.45. Both $54.95. 
Volume 3 - Projects/software - $42.45. NEW! Vol- 
ume 4 - Repair - $89.95. CODs - (602) 782-2316. 
Catalog -$3.00. TELECODE Box 6426-H. Yuma, 
AZ 85366-6426. 

SPEAKERS-subwoofers, woofers, midranges, 
tweeters for auto, home, MI, commercial applica- 
tions. 88 page color catalog -$2.00. Amplifiers, mi- 
crophones, DJ equipment. McGEE RADIO, 1901 
McGee, Kansas City. MO 64108. 

PROJECTION TV Convert your TV to project 7 foot 
picture... Easy!... Results comparable to $2,500 
projectors... Plans and 8" Lens $24.95... Profes- 
sional systems available... Illustrated catalog free. 
MACROCOMA 15Hí Main Street, Washington 
Crossing, PA 18977. Creditcard orders 24 hrs. (215) 
736-3979. 

EPROM programmer plans, $3.50. Parts galore 
available! Send SASE for catalog and project list. 
GALLIUM JUNCTION 540-C N.E. Northgate Way, 
Suite 542, Seattle, WA 98125. 

EXPERIMENTERS crystal set and one -tube radio. 
Free catalog. BOB RYAN, P.O.Box 3039, Anaheim, 
CA 92803. 

SUPER supply. 12 Volt, 0-100 amps! Ripple -free, 
bullet-proof! Kit, $39. Other kits and plans. SASE, 
WIZARD, Box 519, Sagle, ID 83860. 

ELECTRONIC dazer kit $39.95, sonic dazer plans 
$8.00. US funds. Catalog $1.00. QUANTUM RE- 
SEARCH, 17919-77 Avenue, Edmonton, Alberta 
T5T 2S1. 

EDUCATION/INSTRUCTION 
MAGIC! Four illustrated lessons plus inside infor- 
mation shows you how. We provide almost 50 tricks 
including equipment for four professional effects. 
You get a binder to keep the materials in, and a one- 
year membership in the International Performing 
Magicians with a plastic membership card that has 
your name gold -embossed. You get a one-year sub- 
scription to our quarterly newsletter, "IT'S MAGIC! 
Order now! $29.95 for each course + $3.50 postage 
and handlintä. (New York residents add applicable 
state and local sales tax). The Magic Course, 500- 
B BiCounty Blvd., Farmingdale, NY 11735. 

LEARN IBM PC assembly language. 80 pro- 
grams. Games, quizzes, animation, utilities. In- 
cludes license. 360K $5.00, 720K $6.00, Book 
$18.00. ZIPFAST Box 12238, Lexington, KY 
40581-2238. 

BE a recording engineer; train at home for high 
paying - exciting careers. Free information. AUDIO 
INSTITUTE 2174 Union St. Suite 22Z, San Fran- 
cisco, CA 94123. 

CAN you solder properly??? Find out. Free infor- 
mation. SOLDERING, P.O. Box 6244-P, Abilene, TX 
79608. 

ELECTRONIC warfare! Learn the basic principles 
and secrets. A must for electronic buffs! Order now! 
Only $8.95. Advanced edition $17.95 plus $3 S&H. 
AMC P.O. Box 6846, Santa Ana, CA 92706. 

BUSINESS OPPORTUNITIES 
EASY work! Excellent pay! Assemble products at 
home. Call for information. (504) 641-8003 Ext. 
5730. 

MANUFACTURE electronic equipment at home 
for the Army, Navy, Air Force, and NASA. Will supply 
plan. Inexpensive easy to build equipment. Govern- 
ment pays $4,000. Cost you $900. Profit $3,100. 
Send $35 to: SUBCONTRACT R&D, 136-31 222nd, 
Laurelton, NY 11413(HO). 

TV FILTERS 
T.V. Tunable notch filters. Free brochure. D. K. VID- 
EO, Box 63/6025, Margate, FL '33063. (305) 
752-9202. 

TESLA TECHNOLOGY 
NEW modern Tesla handbook 70 Pages theory 
computer design plans, $20 PP cashiers check or 
money order. J.H. COUTURE, 10823 New Salem 
Point, San Diego, CA 92126. 

Cate TV Converters 
Why Pay A High Monthly Fee? 

Jerrold Products include "New Jerrold 
Tri -Mode," SB -3. Hamlin, Oak VN -12, 
M -35-B, Zenith, Magnavox, Scientific At- 
lanta, and more. (Quantity discounts) 60 
day warranty. For fast service C.O.D. or- 
ders accepted. Send SASE (60 cents 
postage) or call for info 1-800-648-3030. 
MIDWEST ELECTRONICS, INC.,5143-H 
W. Diversey, Chicago, IL 60639. MCNisa 
orders acceptedh No Illinois orders ac- 
cepted. Mon. -Fri. 8 A.M.-5 P.M. CST 

SATELLITE TV 
FREE CATALOG Systems, Upgrades, Houston, 
Uniden, Chapparal, etc. SAVE $S$$$. SKYVISION 
2008 Collegeway, Fergus Falls, MN 56537 (218) 
739-5231. 

WANTED 
HYGAIN, Tram, Royce, SBE 40 channel cb's. David 
Hrbek, 1623 South 99th Street, Omaha, NE 68124. 

CABLE -TV BOXES 
Descramblers Converters 

FREE CATALOG 
TRANS -WORLD CABLE CO. 

12062 Southwest 117th Ct., Suite 126 
Miami, Florida 33186 

800-442-9333 

CABLE EQUIPMENT 
CABLE TV Secrets - the outlaw publication the 
cable companies tried to ban. HBO, Movie Channel, 
Showtime, descramblers, converters, etc. Sup- 
pliers list included. $8.95. CABLE FACTS, Box 711- 
H, Pataskala, OH 43062. 

PROGRAMMABLE 
CONTROLLERS 

POCKET controller: Versatile, low cost, program- 
mable digital controller. Designed for everyone that 
deals with electronics. Only $99.95. For literature, 
call 1 (800)533-7159, in CT 791-8220, or write, 
POCKT CONTROLLER COMPANY, Box 232, 
Seymour, CT 06483. 

COMPUTERS 
COMMODORE/Amiga Chips, (direct distributor, 
guaranteed new, low cost). Send for complete cata- 
log. Low cost national repair (eg. C64 $49.95 plus 
UPS). Heavy duty C64 power supply - $27.95 plus 
UPS. "The Commodore Diagnostician" a fantastic 
new aid for fixing Commodores - $7.95. Visa/MC. 
KASARA MICROSYSTEMS, (Division of QEP), 
Route 9W/Kay Fries Drive, Stony Point, NY 10980. 1 

(800) 248-2983 or (914) 942-2252. 

CABLE HOT LINE 
PRICE & product best of 2 worlds (313) 548-0050. 
SSAVI/RKDM400/SB-3/DRX-3DIC-105/PD-3/ 
M35B/DF-3. BONDED CABLE, P.O. Box 340, Fer- 
ndale, MI 48220-9998. 

BUY BONDS 

Your Ticket To 

SIJCCESS 
Over 25,000 technicians have gained admit- 
tance worldwide as certified professionals. 
Let your ticket start opening doors for you. 

ISCET offers Journeyman certification in 

Consumer Electronics, Industrial, Medical, 
Communications, MATV, Radar, Computer, 
and Video. For more information, contact 
the International Society of Certified Elec- 
tronics Technicians, 2708 West Berry St., 
Fort Worth, TX 76109 (817) 921-9101 

Name 

Address 

City 

State Zip 

Send material about ISCET and 
becoming certified. 

Send one "Study Guide for the 
Associate Level CET' Test ' Enclosed L is $5 (+ $1 postage). J 

.17A I % V 1 II 
CLEANING/MAINTENANCE/REPAIR 
EARN UP TO $1000 A WEEK,WORKING 
PART TIME FROM YOUR OWN HOME! 

7, 

" fate{ ,.- 

NO Knowledge 
of Electronics 

Necessary. 

NO Special 
-fools or 
Equipment 

Needed. 

THE MONEY MAKING OPPORTUNITY 
OF THE 1990'S 

IF you are able to work with common small hand 

tools .... 
IF you possess average mechanical ability, and have a 

VCR on which to practice and learn ... then we can 

teach YOU VCR maintenance and repair! 
FACT: up to 90% of ALL VCR malfunctions are due to 

simple MECHANICAL or ELECTRO -MECHANICAL 
breakdowns! 
FACT: over 77 million VCRs in use today nationwide! 
Average VCR needs cleaning/maintenance or repair 
every 12 to 18 months! 
VIEJO's 400 PAGE TRAINING MANUAL (over 500 

photos and illustrations) ANO COMPANION VIDEO 

TRAINING TAPE REVEALS THE SECRETS OF VCR 

MAINTENANCE AND REPAIR. "REAL -WORLD" IN- 

FORMATION, THAT IS NOT AVAILABLE 
ELSEWHERE! ALSO INCLUDES ALL THE INFO 

YOU'LL NEED REGARDING THE BUSINESS SIDE OF 

RUNNING A SUCCESSFUL SERVICE BUSINESS! 
FREE INFORMATION 

CALL TOLL FREE 1-800-537-0589 
Or write to: Viejo Publications, 3540 Wilshire Blvd., 
Suite 310, De t. HO, Los An!eles, CA 90010. 

CIRCLE 18 ON FREE INFORMATION CARD 
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ADVERTISING INDEX 
POPULAR ELECTRONICS magazine does 
not assume any responsibility for errors 
that may appear in the index below. 

Free Information No. Page 

6 All Electronics 25 - Amazing Concepts 95 

5 AMC Sales 93 - American Home Sat. Assoc 32 - Antique Electronic Supply .... 108 

9 C & S Sales 17 - CB City 108 

17 Chemtronics 97 

7 CIE 31 - Command Productions 95 

8 Cook's Institute 97 

13 Datak Corp 16 

10 Digi Key CV2 
16 Emco 93 - Electronics Book Club 3 - Electronic Tech. Today 12 - Electronic Tech. Today .. 104, CV4 - Grantham College 23 

11 Halted Specialties 16 

19 Heathkit 15 - ISCET 109 - Lindsay Publications 26 

McGraw Hill Book Club 18 

12 MCM Electronics 7 - Midwest Electronics 109 - Micro Computer Marketing.. CV3 - NRI 11 - Pacific Cable 5 

15 PanaVise 13 

14 Parts Express 27 

P.E. Reprint Bkst 105 - People's Publ. Co 107 

Trans World 109 

18 Viejo Publications 109 - Weka Publishing 41 

ADVERTISING SALES OFFICE 
Gernsback Publications, Inc. 
500-B Bi -County Blvd. 
Farmingdale, NY 1 1735 
1-(518) 293-3000 
President: Larry Steckler 
Vice President: Cathy Steckler 
For Advertising ONLY 
518-293-3000 
Fax 1-518.293.3115 
Larry Steckler 

publisher 
Arline Fishman 

advertising director 
Christina Estrada 

advertising assistant 
Shelli Weinman 

advertising associate 
Lisa Strassman 

credit manager 

SALES OFFICES 
EAS7/SOUTHEAST 
Becky Akers 
Pattis/3M 
310 Madison Ave., Suite 1804 
New York, NY 10017 
1-212-953-2121 
Fax 1-212-953-2128 

MIDWEST/PACIFIC 
Joe Shore 
1507 Bonnie Doone Terrace 
Corona Del Mar, CA 92625 
1.714.780.8897 

Q MULTIPLIER 
(Continued from page 48) 
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Fig. 1. The Audio Q -Multiplier combines two old-time circuits, the Q -multiplier and the 
Wein -bridge oscillator, to make an audio filter that's simple, but very effective. 
Potentiometer RI sets the frequency while R2 controls the selectivity from wide-open to 
razor sharp. The filter will boost the performance of almost any receiver. 

Finally, transformer T2 helps match 
the output of the filter to either a speak- 
er or low impedance earphones. 
Other transformers may be substituted 
if you want to match the filter to dif- 
ferent input or output impedances. 
Power for the circuit is supplied by two 
9 -volt batteries. 

Construction. Since I wanted to use 
the Audio Q -Multiplier with "The Sim- 
plest Ham Receiver" from Hands -on - 
Electronics, June, 1988, I chose to 
build them both the same way: bread- 
board style. The integrated circuit is 

socket -mounted on a piece of perf- 
board and short lengths of hook-up 
wire are used to make connections to 
the rest of the circuit. The wiring is sim- 
ply point to point. That is a good way to 
gain experience using IC's since you 
can try different component values or 
designs without resoldering each time 
you change something. 

If you want, you can build the proj- 
ect to fit in a small plastic box and use 
a general-purpose board to hold most 
of the parts. 

None of the parts values are es- 
pecially critical, but Cl and C2 should 

be of good quality (I used poly 
styrenes) and of equal value. Ce 
raniic-disc capacitors are a poo 
choice. 

Using the Filter. After double-check 
ing the wiring, turn on the power an( 
advance R2 until the circuit breaks intE 

oscillation to make sure everythinç 
works. Back off R2 and adjust R1 to the 

frequency of a signal you want to re 

ceive, then use R2 to alter the selec 
tivity as needed. The two control 
interact somewhat, but a little practicf 
will make tuning a snap. A fast way tE 

tune in a signal is to put the circuit inn 
oscillation and match the pitch of the 

filter to that of the signal, then reducE 
the feedback. 

The Audio Q -Multiplier can be uses 

in a wide variety of applications wherE 

a flexible filter is needed. It also make 
a good general-purpose audio os 

cillator because its output is almost ( 
pure sinewave when the feedback i 

adjusted to where it just begins to oscil 
late. 

All -in -all, that's not too bad for a cir 
cuit you can build in an hour from ( 

handful of parts. 
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Buy with 

Confidence 

In an effort to make your 
telephone purchasing a more 
successful and pleasurable 
activity, The Microcomputer 
Marketing Council of the 
Direct Marketing Association, 
Inc. offers this advice, "A 
knowledgeable buyer will be a 
successful buyer." These are 
specific facts you should know 
about the prospective seller 
before placing an order: 

Ask These Important 
Questions 

How long has the company 
been in business? 

Does the company offer 
technical assistance? 

Is there a service facility? 

Are manufacturer's warran- 
ties handled through the 
company? 
Does the seller have formal 
return and refund policies? 

Is there an additional charge 
for use of credit cards? 

Are credit card charges held 
until time of shipment? 
What are shipping costs for 
items ordered? 

rc, Direct Marketing Association, Inc. I9*tt 

This message is brought to you 
by: 

the MICROCOMPUTER 
MARKETING COUNCIL 
of the Direct Marketing 
Association, Inc. 
6 E. 43rd St., 
New York, NY 10017 

MC 
MICROCOMPUTER 
MARKETING COUNCIL 
of the Direct Marketing Association, Inc. 

Reputable computer dealers 
will answer all these questions 
to your satisfaction. Don't 
settle for less when buying your 
computer hardware, software, 
peripherals and supplies. 

Purchasing Guidelines 
State as completely and ac- 
curately as you can what 
merchandise you want in- 
cluding brand name, model 
number, catalog number. 

Establish that the item is in 
stock and confirm shipping 
date. 

Confirm that the price is as 
advertised . 

Obtain an order number 
and identification of the 
sales representative. 

Make a record of your 
order, noting exact price in- 
cluding shipping, date of 
order, promised shipping 
date and order number. 

If you ever have a problem, 
remember to deal first with the 
seller. If you cannot resolve the 
problem, write to MAIL 
ORDER ACTION LINE, c/o 
DMA, 6 E. 43rd St., New York, 
NY 10017. 
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Electronics Paperback Books 

BP173-COMPUTER 
MUSIC PROJECTS ..... 
$6.95. Shows how to use 
youro home computer to 

Many circu Mostly 
muse 

er 
gon free. 

GREAT PAPERBACKS AT SPECIAL PRICES 

U BP176-TV DOING L] PCP103--PRACTICAL 
FOR THE ENTHUSI- MIDI HANDBOOK 
AST.... 57.95. Practical, $9.95 Explains what 
authoritative intro to mis MIDI the Musical 
unusual aspect of el. -Digital Interlace) can do 
Ironies. Bt2 x 11 in. and how you can put it 

144 PP to work. Covers 
Keyboards. drum 
machines. sequencers. 
mixers, guitars and 
computer music. 

RADIO'S FIRST 

1"NO DECADES 

sermdmcu 

[1 RFTD-RADIOS 
FIRST TWO DECADES 

$3.50. This story of 
radio's early days 
makes for fascinating readiap 
transmitters. KDKAA's 
beginnings, and much 
more. 

PCP102- 
INTRODUCING 
DIGITAL AUDIO ,... 
$9.95. CD. DAT. and 
sampling. What is 
involved in the dignal 
pan of audio signals. 
Peeples and practices 
of digital audio 
techniques. 

BP195-- 
INTRODUCTION TO 
SATELLITE TV $9.95. 
A definitive introduction Io 
the subject written for the 
professional engineer, 
electrons enthusiast. or 
others who want to know 

re before they buy 8 
10 in. 

Cl BP146-THE PRE - 
BASIC BOOK $8.95. 
A book on the BASIC 
programming for those 
who have not yet bought 
a computer as well as 
those who have trouble 
learning how to program. 

L. BP239-GETTING 
THE MOST FROM YOUR 
MUTLIMETER $5.95. 
Covers basics of analog 
and digital meters. 
Methods of component 
testing (ncludes 
transistors, mynstors. 
resistors. capacitors and 
other active and passive 
devices 

eae.M1 N m. An ....ion Cerryxt.r .. 

COMNOYORE 44 la Pwennxnine T.n.t.abay . . 

tm.Txer 
600'a001tt 

ExtWirr.d >. .. ... 

NM 
} 

}77ti 
AP' i~ 

'Ia 1 i 
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C] BP135-SECRETS 
OF THE COMMODORE 
64 $5.75. Masses of 
useful Into and program- 
ming tips not found in 

any users manual. 

D BP130-MICRO IN- 
TERFACING 
CIRCUITS-BOOK I 

$5.75. Practical add-ons 
transtorm your computer 
etto control or measure- 
ment equipment. 

[J BP143-INTRO TO 
PROGRAMMING THE 
ATARI 600/800 XL 

$5.95. Perfect comple- 
ment to the Alan userS 
manual. Even shows how 
to use animated graphics 

[] BP131-MICRO IN- 
TERFACING 
CIRCUITS-BOOK 2 
$5.75. Interfacing sound 
and speech generators, 
temperature and optical 
sensors. motor control- 
lers, and more 

New t.O/.er 
6Nelnrd 
P.rJkIN 

UBPIS3-AN INTRO- 
DUCTION TO CP 
M 

p$$o6.95. 
To run and 

use 
sander CPM need 

operationsgrams 

mis book 

D BP104 -ELEC- 
TRONIC SCIENCE 
PROJECTS ....- $5.75. 
Simple to complex, a 
group 01 greeds with a 

strongly scientific Ilev0r. 

SO Pavane. 
13(11....101 
A telt WW1 

1 BP126-20 PRO- 
GRAMS FOR THE ZX 
SPECTRUM 6 18K ZX81 
..... $5.75. All programs 
run on both machines, 
Include few charts and 
info on how to modify to 
run on other computers. 

D PCP104- 
ELECTRONICS BUILD 
AND LEARN $9.95; starts 
off with construction detail: 
of a circuit demonstrator 
and shows a variety of 
circuits tor experimenters 

.-.1.i.:tw. 

D BP127-NOW TO DE- 
SIGN ELECTRONIC 
PROJECTS ..... $5.75. 
How to use standard Or- 
cuh elements to make 
custom electronic proj- 
ects. 

BP92-CRYSTAL 
SET CONSTRUCTION 

$5.50. A variety of 
crystal redo receivers for 
the fdpen.inler and 
hobbyist 

$eCtsd Beak et 

Proy.ot. 

C7 BPI06-MODERN 
OP -AMP PROJECTS ..... 
$5.00. Includes a Slide 
Timer. AF Signal Gen. 
Mike Pre -amp, Scratch 
Filter, and much more 

Lì BP195-ELEC- 
TRONIC SYNTHESISER 
CONSTRUCTION 
$5.95. Shows how to 
build a monophonic syn- 
thesizer. section by 
section. Replaces BP01. 

L' BP14$-COMPUTER 
TECHNOLOGY EX- 
PLAINED $5.50. 
Explanations for comput- 
er terms often 
encountered. A dictionary 
for computer lingo. 

eew 
krr.rr..r.eak.rY. 
poll 

I.-. 

! . 
" BP752-INTRO TO 
Z-60 MACHINE CODE 

programs. They may be 
harder to Ovate, but It% 

worth learning how. 
Some demo programs 
are included. 
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Ertela 

wawa 
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CJ BP144-FURTHER D 1011179-ELEC- 
1011105-ANTENNA BP 96-AN INTRO- TRONC CIRCUITS FOR 

PROJECTS ..... $5.50. DUCTION TO ANTENNA PRACTICAL ELECTRONICS THE COMPUTER CON 
Practical radio antenna THEORY 56.95 CALCULATIONS AND TROL OF ROBOTS 

Designs that deliver good Basic concepts relevant lo FORMULAE.....$9.00. $7.50. Dala and circuits 
performance and are ref- receiving and transmitting COyanon vilae ton for interfacing the tom- 
alivey simple and antennas BP5rn3. Rook s o puler to he robot% 

ADD - 
inexpensive to build iron new a not tourd motors and sensors. 

in earlier edidattion. 450 ppea. rJ BP134-EASY ADD- 
ON PROJECTS FOR 

Quality Paperbacks 
fresi m 

Y121.O.Peé 
o.etronlc 
pei.no. 
Poo.. Crinax.tlen 

é 
I ' BP110-HOW TO 
GET YOUR ELEC 
TRONIC PROJECTS 
WORKING $5.75. 
How to find the faults in 
your projects, repair them 
end get them working. 

1011121-DESIGN 6 
MAKE YOUR OWN PC 
BOARDS ..... $5.75. Ev- 
erything you need to 
know before you make 
printed -circuit boards for 
your projects. 

640 

Iaeel 

Oultle 

C.) BPI25-25 SIMPLE 
AMATEUR BAND AN- 
TENNAS..... $5.50. All 
kinds of antennas for all 
kinds of amateur radio 
reception 

ill «i 0 80140 

LI BP56-ELEC- f, BP85-INTERNA "'' BP117-PRACTICAL 
TRONIC SECURITY TIONAL TRANSISTOR ELECTRONIC BUILD - 
DEVICES $5.50. EQUIVALENTS ..... ING BLOCKS. Book 1 

Three basic sections $7.50. Locales possible $5.75. Budd the 
botch activated alarms, substitutes for a popular blocks and then combine 
infrared 8 ultrasonic sys- user -oriented selection of them to lone almost any 

tems, smoke. gas. water modern transistors Jape- custom project of your 
detectlon nase. European and chow. 

American types CJ BP77-MICRO- 
PROCESSING 
SYSTEMS AND CIR- 
CUITS $5.95. Guide 
to the elements of micro - 
processing systems. 
Teaches all the tunda - 

orea e 
St= 

ELECTRONICS 
BUILD AND 

LEARN 

BP59-SECOND L BP1e2-MIDI PROJ- 
BOOK FOR CMOS IC ECTS $6.95. Details 
PROJECTS ..... $5.50. of how to interface many 
Multivlbralors, ampinwrs', popular home computers 
triggers 8 gates', special with MIDI musk systems. 
devices including reac- 
tion timer, simple 
electronic organ, and 
MOM. 

rices 
poem te 
Orolecl. 

LJ BP65-SINGLE IC 
PROJECTS $5.75. 
All projects in this book 
are based on one IC and 
are simple to construct 
Great way to get started 
with IC's. 

CHECK OFF 

THE BOOKS YOU WANT 

nor sesiwwr. 

mantels 

COMMODORE 64, 
VIC-20, BBC MICRO 6 
ACORN ELECTRON 
$6.95. Picture dgltizer, 
light pen, model control. 
Nr ana mow 

h.r.rar er.er.r.. 
er.++na 

IJ BPI16-PRACTICAk 
ELECTRONIC BUILD- 
ING BLOCKS. Book 2 

.....55.75. Amplifiers or 
all kinds lo add to the 
circuits from Book 1 of 
this genes. 

BPI59--14OW TO 
GET YOUR COMPUTER 
PROGRAMS RUNNING 

$5.95. Have you ma 
whiten your own pro- 
grams only to find that 
they do not work? The 
book Mows you how to 
find errors. 

PareA. 
Ilsetrente 
Gkwlts 
looks 

I.M Ir. 
9lasM.. 

j 
LI BP49-POPULAR El BP97-IC PROJ- 
ELECTRONIC PROD- ECTS FOR BEGINNERS 
ECTS $5.96.4 .... $5.50. Wnoen es - 
collection of a wide range penally for the less 
ofelectronic 

m ca 
projects and experienced expen- 

cuits tor e pen- ter, Complete parts 
manten, layouts and wiring di- 

agrams. 

LI BP181-INTO THE 
GL ARCHIVE .....$4.95. 
Presents the powerful 
database for the Sinclair 
OL. Step-by-step aP- 

br 
h includes practical 

Eh.iat 

lmrc 
C.wN 
%oak 

BP60-POPULAR 
ELECTRONIC CIR- 
CUITS. Book I -.- $5.95. 
More circuits lot hoD- 

bywrr5. 
Audio, rade, lest, 

music. household and 

II BP98-POPULAR 
ELECTRONIC CIR- 
CUITS. 
$5.95, More useful or. 
suns 
projects 

None of these 
in 

Book I of this se0neos 
e 

ELECTRONIC TECHNOLOGY TODAY INC. 
PO, Box 240, Massapequa Park, NY 11762-0240 

SHIPPING CHARGES IN 

USA AND CANADA 

$0.01 to $5.00 , .. $1.25 

Name 
$5.01 to 10.00 ... $2.00 
$10.01 to $20.00 . $3.00 

Addt ss $20.01 to $30.00 .$4.00 

City State Zip 
$30.01 to $40.00 . $5.00 
$40.01 to $50.00 .$6.00 

PE589 $50.01 and above . $7.50 

SORRY, No orders accepted Number of books ordered I I 

outside of USA and Canada 

Total price of merchandise $ 

Sales Tax (New York State Residents only) $ 

Shipping (see chart) S 

AU payments must 
be in U.S. funds 

Total Enclosed S 

L 
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